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ADVERTISEMENT, 



The Treatise now offered to the Public forms the article 
"Railway" in the Engineer's and Mechanic's Encyclopaedia; 
but in consequence of the very numerous applications made for 
this portion of that work, it has been deemed expedient to 
publish it in a separate form. 

In the composition of the present Treatise, the author has 
endeavoured to give a succinct historical view of the numerous 
and important inventions which have been made in the con- 
struction of Rail-roads, as well as of Locomotive Engines, illus- 
trated by nearly two hundred and fifty accurately executed 
engravings and descriptions, by which the reader will be enabled 
to form a just estimate of their respective merits. 

In the selection of his materials, the author has been indebted 
to the works of Messrs. Wood, Tredgold, Palmer, Walker , 
Stephenson, M'Neill, Booth, Rastrick, Scott, Lardner, Gordon, 
and others ; to the Repertory of Arts, the Journal of Patent 
Inventions, the Mechanic's Magazine, the London Journal of 
Arts, and the Transactions of various scientific institutions. If, in 
some instances, he has omitted to acknowledge his authority, it is 
attributable to the difficulty of fixing the original author. The 
greater part of the subjects are, however, derived from his 
own resources, collected in his professional avocations of re- 
porting upon new inventions, and of procuring letters patent 
for inventors* 
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RAILWAY or Railroad, and Tramroad; are narrow tracks of rails, 01 
plates of iron, wood, or other tenacious material, made with very smooth or 
level surfaces, and laid down with great solidity and truth, to the required 
planes ; so that the wheels of carriages may meet with the least resistance 
that is practicable in rolling over them, and thus reduce, as much as pos- 
sible, the power required to move a given load ; or to move the greatest 
load by a given power ; or to move a given load at the highest velocity. Rail 
and tramroads, however, form only one part of the machinery of transport ; 
the carriages which roll over them are expressly designed and fitted for that 
peculiar office, and are also an essential part of the same mechanism. It is, 
therefore, not our intention to separate them (as is usually done,) into distinct 
subjects but to treat of them in their combined and only useful state. For 
the same reasons we shall include, under this article, descriptive accounts of the 
various locomotive carriages for the common road; because these machines 
require only a slight alteration in the tire of their wheels, to adapt them to 
railways : and those of our readers who, for want of sufficient consideration of 
the subject, may have formed an unfavourable opinion of their capabilites, 
owing to their sluggish pace in passing over loose or hilly ground, would 
be amazed at the velocity of motion and power of draught they would achieve, if 
transferred to a railway. It has been ascertained, that the resistance to the 
motion of a carriage upon a good railway, is not more than a tenth part of that 
upon a well-made common road ; consequently, a carriage that is capable of 
merely dragging itself along the latter, would draw many times its own weight 
at a much greater velocity on the former. 

The ardour and spirit with which the people, not only of our own favoured 
country, but those of Europe, and the more enlightened portion of those of 
Asia, Africa, and America, have set about improving their internal communica- 
tions, by the adoption of iron railroads, render every circumstance relating to 
them, that has in the slightest degree contributed to their present excellence, an 
object of deep interest ; not only to the philosopher and the mechanic, but to 
the thinking part of the public generally. The two former are quite sensible 
that, notwithstanding all that has been effected, much more is left that will be 
accomplished ; and that only a little more practical experience is requisite, to 
enable us to double our present locomotive power. Viewing the subject in this 
light, it is our intention to give an historical account of all the numerous inven- 
tions that hare any bearing upon the subject, and e8\>ec\a\\^ sviOcv «&\vw^W^ 
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e fostered and encouraged by public adop- 
tion, as far a> they may be meritorious and beneficial ; Third, that such propo- 
sitions as are erroneous in principle, or inefficient in operation, may be corrected 
and improved upon ; Fourth, that " honour may be given to those to 
whom honour is due;" for in this line of invention there has been an unusual 
degree of deceitful quackery, and consequently of gross injustice to original 
inventors ; to right whom, in lb* public estimation, no other advocacy is 
necessary, than a simple chronological statement of public documents, the 
authencity of which is unquestionable, and which we propose to give in the 
following pages. 

The earliest account we have of the introduction of railways, is in the " Life of 
1 Keeper North,'' from which it appei 
made use of at Newcastle-upon-Tyne, for tr 

shipping in the river Tyne. At that time, coal came generally into use as a sub- 
stitute for wood fuel in London, and other places to which there were easy means 
of transport by sea. But the greatest difficulties were experienced at the mines in 
conveying the coals from them to the ships in the Tyne. Previous to the erec- 
tion of these railways, it was no uncommon thing for the occupiers of the niinee, 
to employ five or six hundred horses and carts each, in the snn traffic. It 
therefore became an object of vast importance to adopt some plan of reducing 
the very great expense incurred in the keeping of so many horses and drivers, 
wear and tear of carts, and the making and repairing of roads. After giving 
the subject much consideration, wooden rails, consisting of straight pieces of 
timber, were laid down and embedded in the road. These were found so advan- 
tageous at Newcastle, that they were speedily copied at other mining districts, 
and remained in use for a considerable period of time. The mode of con- 
structing these rude railways has been thus described. " Plots or slips of 
ground, of the breadth required for the railway, were marked out, extending 
from the pits to the river, and either leased or purchased by the owners of the 
coal works. In some cases it was found necessary to make a considerable 
variation from the direct line, in order to obviate the inequalities of the ground, 
and to obtain the most regular and easy descent. And in other cases, where 
these inequalities were inconsiderable, the roads were carried straight forward, 
and & regular slope obtained by embankments and cutting. After the ground 
had been levelled and smoothed, as in the formation of an ordinary road, 
sleepers, composed of large togs of wood, and cut into lengths corresponding 
with the breadth of the road, were laid across it, at short distances, and firmly 
bedded into it, for the purpose of supporting and keeping fast the rails on which 
the waggon-w heels were to run. The rails were connected end to end, forming 
two continued lines, running in a parallel direction on each side of the road, 
and crossing the large logs at each of their extremities which formed the foun- 
dation for them to rest upon, and to which they were nailed, or otherwise secured, 
to keep them in their places. These rails were of course very imperfect, and 
were rapidly worn away, or broken, by the continued friction of the wheels upon 
them. In order to repair or reconnect them when their continuity or evenness 
was destroyed, slips or pieces of timber of a smaller scantling were laid over the 
dilapidated portions ; and the strength which the latter thus derived, led to the 
introduction of double-rails throughout the line ; and this improvement was dis- 
tinguished by the term of a" double-way," in contradistinction of the former plan, 
afterwards denominated the " single-way." The advantages of the double-way 
chiefly consisted in the circumstance that the upper, or covering rail, might be 
completely worn out and renewed, without destroying or materially disturbing 
the substructure. The annexed description of these double-ways is obtained 
from Mr. Wood's valuable work on railways. The subjoined figure exhibits a 
side elevation, a a ore the rails fastened down upon the cross sleepers bhbb, 
similar to thoBe of the single-way (which it represents) ; a a the upper rails laid 
upon the othor, and firmly secured to them by wooden pins, in the same manner 
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fastened to the sleepers. In the single 

issarily umm a sleeper, as shown at cr; but In tbo double- way 

for, being fastened down upon the surface of the under rail, 

iry part presents a proper bearing, they can be secured any where 

show the joinings of the upper rail, which are midway between the 



it in the dou 



sleepers, but which can be raised at pleasure. This prevents the under rail from 
being destroyed by the frequent perforation of the pin-holes in receiving the 
upper or wearing rail, and saves the waste of timber occasioned by use of the 
single- way. 

The sleepers in this description of road were generally formed of young sap- 
lings, or strong branches of the oak, obtained by thinning the plantations, and 
were six feet long by five or six inches in thickness, and about the same breadth. 
At their first introduction, the under rail was of oak, and afterwards of fir, 
mostly six feet long, reaching across three sleepers, each two feet apart, and 
about five inches broad on the surface, by four or five inches in depth. The 
upper rail was of the same dimensions, and almost always made of beech or plane 
tree. The surface of the ground being formed pretty even, for about six feet 
in width from the pits to the staitbs, or the whole length of the intended rail- 
road, or " waggon- way," as it was termed, the sleepers were then laid down 
two feet apart, and the under rail properly secured to them. The ashes or material 
forming the surface of the ground, were then beat firmly against the surface of 
the rail, which was thus strengthened and made more rigid. The upper rail 
was then placed upon the other, and firmly bound down by the pins or pegs 
of wood. 

This combination had many very obvious advantages over the single-rail; for, 
independent of the waste of timber before alluded to, the destruction of the sleepers 
in the single-rail hy the feet of the draught-horses was considerable. The 
double-rail, by increasing the height of the surface whereon the carriages travelled, 
allowed the inside of the road to be filled up with ashes or stone to the under side 
of the upper rail, and consequently above the level of the sleepers, which thus 
secured them from the action of the feet of the horses. This description of 
railroad appears to have continued in use for a considerable period of time, 
especially amongst the collieries of Durham and Northumberland. 

The waggons made use of were pretty nearly on the present construction, but 
sufficiently large to contain several tons of coal; the wheels, called rollers by 
some authors, were exceedingly low, the smoothness of the road rendering 
high wheels unnecessary. An ordinary horse, on these roads, drew three tons 
of coals without difficulty to the driver. Where any declivity more than usually 
steep occurred, it was termed a run ; and whilst on it, the progress of the waggons 
was retarded and regulated by a species of croaked lever or brake, managed by 
the driver, and attached to the waggon. It is stated by some authors, that 






subsequendy given to thein in cast-iron, and termed tram-pla/ts, hereafter 
described. To avoid descending the steep declivities from the high banks at 
Newcastle to the river, staiths or high platforms are erected, projecting over the 
river, and so as to be nearly level with the banks ; whence the coal waggons 
are run by a very slightly inclined plane on to these staiths, and thers dis- 
charged through shoots or spouts, either directly inlo tkUli of ^ta^nwjMti, 
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st cases the wooden railroads, from the mine to the place (if shipment, 
were made bo as to follow very nearly the undulations of the country over 
which they passed ; excepting only here and there at very steep ascents ; and 
for a long period of time no attempts were made to counteract the rapid descent 
of the carriages down the declivities, except by means of brakes, which, depend- 
ing wholly "Upon the strength and dexterity of the waggoners, often failed, and 
were productive of many sad accidents. Sometimes, owing to the state of the 
weather, the rails became so slippery, as to render a suspension of the work 
Unavoidable. Frequently, where very steep descents occurred, and a train of 
waggons were left on the declivity, owing to an obstruction caused by the 
weather, the falling of a shower of rain would release nil the waggons together, 
and they would descend by their own gravity. Under such circumstances, men 
were employed to draw ropes across the line of road to arrest their progress; 
and if this were effected before the momentum became considerable, any very 
great damage was thus prevented; but if the momentum were sufficient lo 
break the ropes, serious disaster resulted. When cast-iron wheels were Srst 
introduced, they were only used for the fore-axle, the wooden wheels being 
retained on the hind-axle, from the idea that the brake could only be applied 
eflectiVely to the wooden wheels. At length it was contrived, by an exiuiisiou 
of the lever, to apply a brake to the metallic ; and then all the four wheels were 
made of iron. The next improvement was the adoption of iron for wood, 
which alone enabled the horse to take double his previous load. This 
change wus not first introduced at Newcastle, as is generally supposed, but at 
the iron-works of Colebrook-dale, in Shropshire, about the year 1767. Our 
authority for this statement is derived from the reports of a Committee of the 
House of Commons, on the subject of roads and carriages. It occurs inci- 
dentally in a letter to the Committee, from the ingenious Ilomblowcr, the 
rival and contemporary of the celebrated Mr. Watt; who observes: " Railways 
have been in use in this kingdom time out of mind, and they were usually 
formed of scantlings of good sound oak, laid on silk or sleepers of the same 
timber, and pinned together with the same stuff. But the proprietors of 
Colebrook-dale Iron Works, a very respectable and opulent company eventually 
determined to cover these oak rails with cast-iron, not altogether as a iieces- 
larij expedient of improvement, but in part, as a well-digested measure of economy 
in support of their trade. From some adventitious cimniisLiiii t^, (which I need 
not take time to relate,) the price of pigs became very low, and their workB being 
of great extent, in order to keep the furnaces on, they thought it would be the 
best means of stocking their pigs, to lay them on the wooden railways, as it 
would help to pay the interest by reducing the repairs of the rails ; and if iron 
should take any sudden rise, there was nothing to do but to take them up, and 
send them away as pigs. 

"But these scantlings of iron (as I may call them) were not such as those which 
are now laid in some places; they were about live I'wl. Wil.% lour inches broad, 
and one inch and a quarter thick, with three holes, by which they were fastened 
to the rails, and very complete it was both in design and execution. Hence it 
was not difficult, if two persons on horseback should meet on this road, for either 
to turn his horse out of the road, which, on the railways now introduced, would 
be attended with some serious doubt as to the consequences. But it would be 
impossible on the best railways to afford that lacniiy ut' Irs it] linn which we now 
enjoy on a- spacious well-managed road; and in my opinion would prove of 
greater detriment than all the obstacles we have to deplore in the present un- 
comfortable state of the roads," We have extended our extract from Mr. 
Homblower's letter thus far, to show, that however inadmissible the employment 
of edge-rails or turned-up tram-plates are on the public roads, the same objection 
or difficulty of (ravelling does not apply to the " standings of iron " employed 
at Colebrook-dale; on which point we shall hereafter have some remarks to 

Zlie introduction of metallic surfaces to the wooden ta.Ua was, however, j 
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first productive of serious evils ; for the resistance or adhesion to the surface in 
descending inclined planes win thereby so much reduced, that the ordinary 
brake was found to be quite ineffective in counteracting the force of gravity. 
Recourse was therefore had to tbe double or self-acting inclined planes, by 
which the eurplui force of gravity of the load descending one plane wat 
employed to drag up the empty waggons on the ascending plane. At this period 
of lime the steam-engine was employed in raising mineral from the pits by 
means of ropes coiled round barrels, the application, therefore, of o similar 
process to the raising of a train of loaded waggons up an inclined plane became 
obvious, and was extensively adopted in the north of Kngland. 

The introduction of cast-iron plates, having an upright ledge, was originaHy 
effected by Mr. Carr, at the Sheffield colliery, about the year 1776. These 
were at first called plate-rails, but are now usually distinguished by the 



roll upon. 



plates, from the circumstance of their being used for trains or waggons to 

^pon. The form of these, as used in the under-ground colliery at Sheffield 

belonging to the duke of Norfolk, is delineated in the following figures. Fig. I 
being a plan, and Fig. 2 a transverse section of Fig. 1, through the dotted lini 
ab; c c are the plates, 6 feet long, of the sectional shape shown at c c, Fig. 2 
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at each end of the rails holes were cast, through which stout nails were driven 
into the sleepers did, made of wood, in the first instance, and afterwards of 
blocks of stone, by Barnes, Out; am, and others. 

In many of the railroads where horse-power is employed to draw the car- 
riages, the animal is frequently required to check the velocity of the waggons, 
so that they may not exceed a certain degree of motion ; and when a horse is 
pressed beyond his power of resistance, be necessarily quickens his pace ; if, 
underthese circumstances, he makes a trip, lie is almost sure to fail, and then 






fallowing engraving we have shown 
common Welch cart used upon 
rails, a represents the brake, 
which we have shown as made of 
iron, it being in the original a very 
clumsy mass of wood, shod with 
iron ; the shoe or skid ought to be 
somewhat broader than the tire of 
tie wheels ; the top of the brake 
turns upon a pivot at b, and the 
lower part is connected by ■ strong 



inder such circumstances, and i. 
) it has hitherto rei 
application of this c 
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chain I to the shall J- The shafts are jointed at e lo the frame of the curt or 
waggon ; and u'heri the liurse is upon his legs, the shaft-chain and brake are in 
the several positions shown hy the doited lines at fg h, the latter, which repre- 
sents the brake, being then quite clear of the wheels as well as the rails ; but 
when the horse falls the shaft takes the inclined position shown at d, and the 
skid of the brake a, by its weight, is thrown under the wheel, which it takes off 
the rail; the rolling motion is thus changed into a sliding one, and the great 
friction thus induced either stops the descent of the carriage, or retards it suf- 
ficiently to prevent serious injury resulting. In a letter to the Society of Arts, 
in London, Mr. Le Caan observes: — " To prevent the great trouble arising from 
tuvmrji; a waggon round upon a railroad, it would be better to bave a brake to 
each of the lour wln-tls ; in which case, after the waggon has discharged its 
load at the place of destination, the chains e may be loosened from the shafts, 
and fastened upon hooks so as to keep the brakes suspended over the road ; 
the bolt at t which attaches the shafts to the body of the waggon, is then 
to be removed, and, with the shafts, placed in a similar manner on to (ho 
other end of the waggon, which now becomes the fore part, the horse drawing 
it back to be again loaded. Whenever the waggon is ascending, the checks 
behind the waggon may occasionally be let down and used as rests to relieve the 

In the construction of all surface railways, the first object considered is the 
direction of the road, which, in all cases, should be so formed, and with such 
declivity as may he best calculated not only to suit the nature of the ground 
through which it passes, but alio the trade to he carried on upon it. If, for 
example, as frequently happens to be the case, nearly the whole traffic of a 
country is in one direction, the road should then obviously decline that way, so 
(hat the waggons and their contents may descend on this inclined plane as much 
as possible by their own gravity. But in all eases particular attention ought to 
be paid to the extent of the trade upon the railway, so that the inclination may 
be as nearly as possible proportioned thereto, consequently, the draught each 
way equalized ; and in cases where the transit of merchandize to and fro should 
be nearly equal, it would be most beneficial to have the railway level : but it 
sometimes may happen that the nature of the ground is such as not to permit 
that declivity or level best suited to the trade ; the line should, iu that case, be 
varied, and, if possible, the inequalities made up so as to bring it as near as 
possible to the proper standard, if it can be done ot any moderate expense ; but 
when the inequalities happen to be such as to render this impracticable, the only 
resource to be found is in inclined planes. For example, where the differences 
of level between the two extremities of road ore such as would render an equal 
declivity too steep, then the road must he carried either on a level, or with the 
due degree of slope as far as practicable, and then lowered by an inclined 

Elane, on which the waggons are gently let down by a brake, and dragged up 
y en additional power to that which is made use of for drawing them along 
the road. But in the laying out and formation of all railways, much depends 
upon the skill and judgment of the engineer, as it is quite impossible to lay 
down any general plan to suit all cases ; for, it must be recollected, every 
situation presents some peculiar circumstances. When once the line of railway 
is fully determined upon, the next step is to form the road, which requires much 
attention ; it must be of sufficient width to contain the opposite raile, and for 
forming a footpath on one side. There is no prescribed distance between the 
rails, as, in some cases, preference is given to long narrow waggons, and in 
others, to those of u broad short shape; consequently, the distance uet ween the 
rails varies from three to four and a half feet; hence from nine to twelve feet 
has been usually apportioned for a single road, and from fifteen to twenty for a 
double one. 

The next operation is the placing and fiimly bedding the sleepers, which 
generally consist uf sulul blocks of stone, weighing from one to two or more 
hundred weights each. There is no particular shape necessary, provided their 
bases be broad, and pretty even ; it is also particularly necessary that the upper 
*ur&ce» should present an even and aolid basis for the iron plates or rails lo rest 
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pou. The sleepers are general!} placed along each aide of the road, measuring 
bant three leet distant from each other, from centre to centre, the opposite 
ones being separated by the width between the opposite rails. In such situa- 
' e the ground under them is of a soft nature, it is usual and proper, 
me nrsi instance, to lay on a coat of gravel, small stones, or metallic seoriie; 
and this is well beaten down in order to form a firm foundation. Each stone, 
when laid down, is carefully gauged, both in respect to its distance from the 
adjoining ones, and the level en- declivity of Its upper surface, on which the 
plates or rails are intended to rest. The sleepers being thus correctly placed, 
the spaces between them are filled up with either gravel, metallic scoria 1 , or 
some other hard road materials, in order that the whole may consolidate into a 
hard and firm mass. 

The foregoing is a sketch of the process adopted in forming metallic lines of 
road, whatever may be the form of the rail or wheel-tracks laid down. Of 
these, there are two principal kinds, namely, tram-plates (already noticed) and 
edge-rails, both of which are very extensively adopted, though the latter i 






uuques- 



the present time, the most approved by engineers. Nevertheless, i 
tionable that tram-plates, when correctly firmed, and laid down with the 
attention to accuracy of adjustment and solidity of bearing as is now pro.. 
nith the best edge-rails, answer their purpose admirably. They are comr 
employed in Wales, and in the neighbourhood of blast furnaces, oi 
the greater facility and cheapness of their construction. They a 
useful in forming new roads, in the working of mines, quarries, 
canals, in conveying large stones for buildings, 
and numerous other temporary as well as per- 
manent purposes ; chiefly for this reason, — 
that the ordinary wheels of carts and waggons 
can run upon them, and with a surprisingly 
increased power of draught, while the carriages 
are kept steady in their tracks, by the upright 
Ranges, as shown in the annexed section, 
where B represents the flat bearing surface of 
the tram-plate, which, as now practised, is 
fastened by a spike, driven into an open plug 

Creviously inserted into the stone sleeper C; the 
orse-path or gravelled road is partly shown at 
A. These tram-plates are made of cast-iron, 



d the turn-up flange from two and a half to 
four inches high. The plate usually bean on the sleepers about tiiree inches at 
each end, where its thickness is for that purpose increased ; between these 
bearing-points the plate has no support but what it derives from the ground, 
which, though not very permanent or secure, is infinitely more so than the sup- 
port thus derived by an edge-rail : indeed, the extensive bearing surface of the 
plate upon the ground is often found quite sufficient for temporary uses, without 
any sleepers at all ; and in other cases, where a little mere stability is required, 
to spike down the opposite ends of the tram-plates, on each side of the road, to 
a transverse piece of wood, which remains useftd for a longer period, without 
taking up for re-adjustment. 

Tram-rails are decidedly of a weak form, considering the quantity of it 
them ; and in some works it has been found necessary t 
adding a rib on the under side, as shown in 
the annexed perspective view of a section of 




strengthen them, by 



half Ja rail, in which A is the guiding flange; 
B the bed of the rail on which the wheels run ; 
C is the rib on the under side to strengthen it. 
The tram-plates used for repairing the Surrey 
tram-road were of this form, and it certainly 
ij very jtifK 




the shoulder is one inch 
o inches and a half, and 
A small groove in the 
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The mode of fastening down tram-plates by bolts or (pikes was foui.d to bo 
attended with several inconveniences, owing to the occasional projection of their 
heads, their becoming' loose, and hence both the plates and bolts being fre- 
quently stolen, to the entire stoppage of the traffic upon the road. To remedy 
these evils, Mr. Charles le Caan, of Llanc-lly, in South Wales, contrived a mode 
of forming the plates, so that no bolting or nailing was requisite, but each 
plate in succession fastened down the pre' ' '""" 
of the junction of two plates, 
placed on a stone sleeper D ; 
and Fig. 2 shows a longitudinal 
section of the same. The plates 
are joined by a dove-tailed notch »_ 

and tenon, and an oblique plug 
is cast on each plate, which is let 
into the stone sleeper ; hut for the 
advantage of taking up the plates 
to repair any defect, there are 
plates at every thirty yards, with 
perpendicular plugs; such plates 
arc called atop-plates. The diameter of the plug ne; 
and three quarters, at the point one inch, its length t 
its obliquity, shown in Fig. 2, about eight degrees. 

whole length of the exterior of such plug is made 10 anow me waier in inj 
hole to expand in freezing ; ai:d it also serves to admit a wire to draw a broken 
plug out by it The holes for the plugs should be cut to the depth of three 
inches by a standard gauge of cast-iron, and countersunk so as to allow the 
end of the plate to bed firmly on the block which supports it. Fig. 3 is 
the ends of a tram-plate, in which II shows the flange or upright edge ; 
flat part or sole, in which the wheels of the waggon run ; D one of the ] 
and K a projection behind, to render the plates firmer upon the blocks. The 
usual length of one plate is three feet; the flanch H is one and a half inch 
high ; the sole, or bed, three and a half, or four inches broad, and three-fourthi 
of an inch thick ; but these dimensions arc varied according to circumstances. 
The most approved weight has been forty-two pounds for each plate ; the ends 
from which the plugs project, under which the tenons and notches are made, 
should be a quarter of an inch thicker than the olhor parts of the plate. The 
weight of the blocks or si erpers should not be less than aLout 120 pounds each; 
and some kinds of ground will require heavier. In Lhis method the wheels of 
the waggons cannot be obstructed by the heads of the nails rising above the 
surface, and the blocks are not disturbed by fixing the plates ; and when 
repairs are necessary, the plates must be formed for the purpose. When tram- 
plates are fixed by spikes to slum.' sleepers, there is some difficulty in keeping 
the joint even and in its place ; hut it seems to be successfully obviated by 
using a saddle-pin to receive the ends of the nails at the joints, an improvement 
which was introduced by Mr. Wilson on the Troon tramroad. 

Tramroada are much esteemed in Wales ; and in consequence of using them, 
it is found desirable to divide the pressure upon the rails as much as possible; 
hence, small carriages are used, and these lead to small wheels, so that the effect 
of a given power is not above half what it ought to be ; and yet the enormous 
increase of railroads in Wales renders it evident that some benefit is received 
from adopting this system of conveyance. In 1701, there was scarcely a single 
railway in South Wales ; and in 1811, the complete railruads connected with 
canals, collieries, &c. in Monmouthshire, Glamorganshire, and Caermarthen- 
shire, amounted to nearly 150 miles in length, exclusive of underground ones, 
of which one company in Movthyr Tydvil possessed about thirty miles; since 
which period the tines have been extended to, at the least, three hundred 

Whenever it is found necessary for railways to cross any public road, the space 

a the rails must be paved or firmly causewayed to the level of the lop of 

u order that carriages passing along toe, road may be enabled 

'i -the rails, h is also absolutely necessary, "vn, tuv^e toVhwjs, Vo 
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re certain places formed at intervals), where tlie empty carriages, in returning 
iy get off the road, in order to allow the loaded ones to pass : a place of this 
ictSRptiou is termed a turn-out. The waggons arc easily directed into it by ■ 
movable rail, termed a pointer, filed at the intersection between the principal 
rail and the turn-out, and turning on tt» extremity bo as to open the way into 
the turn-out, and shut that along the road ; and whenever one line of railway 
happens to cross another, this contrivance is also adopted. 



Ine o, 



rip:! 



ige-rails cannot easily be I 
of tbis character; for they were generally rt 
faces, and flanges were put upon the peripher; 



The wooden rails partook 
oea a little on their upper sur- 
of the wheels, which, projecting 
downwards over tbe sides of the rails, kept the wheels in their tracks ; and in 
some cases square wrought-iron bars were fastened over the wooden rails, 
partly with a view to strengthen them, as well as to form guides to the wheels: 
the transition to improved forma was therefore easy. In 17H9, Mr. Jessop 
introduced a cast-iron edge-rail in the public road at Loughborough, the upper 
surface of which was flat, and tbe under of an elliptical shnpe. 

It was not, we believe, until the beginning of the present century that edge- 
nils were much known; as it appears that Mr. Benjamin Wyalt, of Lime 
Grove, near Bangor, imagined himself to have originated them. This gentle- 
man's intention, as applied to the Penrhyn Slate Works, is thus described by 
Wnmrlf in a letter to the editor of the Repertory of Arls, and is inserted in the 
third volume of the second series of that valuable work. In allusion to the 
peculiar rails then in use, he says — " The rail hitherto made use of in most rail' 
ways is a flat one, three feet in length, with a rib on one edge, to give it strength, 
aan to prevent the wheels, which have a. flat rim, from running off. Observing 
that these rails were frequently obstructed by sttnn 
them ; that they were obliged to he fastened to single i 
of their not rising sufficiently above the sills, to admit of g 
path; that tbe sharp rib standing 
up was dangerous for the horses; ' 
that the strength of tbe rail was 
applied the wrong way; and that 
less surface would produce less 
friction ; led me to considor if 
tome better form of rail could not 
be applied. The oval presented 
itself as the best adapted to cor- 
rect all the faults of the flat rail, 
and I have the satisfaction to say, 
that it has completely answered 
the purpose in a railway lately exe- 
cuted for Lord Penryhn, for his 
lordship's slate quarries in Caer- 
martheiisliire, to Port Penryhn, the 
place of shipping. The wheel 
made use of on this rail has a con- 
cave rim, so contrived in its form, 
nnd the wheels so fixed upon their 
axes, as to move with the greatest 
I; .i.-iliiv mi the sharpest curves that 
can be required." It is obvious 
by the annexed 1 section, which re- 
|>resents the rail, a, of its full and 
exact size, that no dirt can lodge 
upon it, and that it must be very 
Krone tor its weight; and is 
rslculated to resist both the per- 
pendicular and lateral pressure. 
That it mast occwion but little 
friction, that il may be placed uj.'on 
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the tills so as to admit a sufficient quantity of gravel to cover them, and present 
■o danger to the horse, they were cast 4 feet 6 inches long, and weighed 36 lbs. 
each. The lower part t is coat to each end of the rail, three inches long, to 
let into the sills, which have a dovetailed notch to receive them. 

The Penryhn railway is six miles and a quarter in length, divided into five 
stages. It baa three-eighths of an inch fall in a yard, with three incliiits; was 
begun in October 1800, and finished in July ISO!. The annexed sketch shows 
the kind of waggons that were used on this railway, twenty-four of which, con- 
taining 24 tone, were drawn by two hones (one stage) six times a day ; which 




is 111 tons per day. drawn G{ miles per day. This quantity of work was pre- 
viously )>erformed by 144 carts, .mil 400 horses : so that ten horses will by 
means of this railway do the work of /our Auntlrrd! 

It has been repeatedly proposed of late years, to fur in a rail, or iron way, 
upon a portion of the common public road, so as not to rise above the level of 
the general surface, and thus permit carriages to cross them in any direction, 
without impediment. The utility of the principle of this arrangement bos for 
MIM linii- }>»»I been demo intra led by the excellent granite itonz-utiif for 
waggons, in the Commercial Road, and the adoption of the same plan in 
Friday-street, and other parts of Loudon ; for by these rough structures, the 
effect of horse-power is at the least doubled, or one horse is saved out of every 
two. If so much has been gained by so slight an improvement of the surface, 
what may not be expected when ignorance and prejudice shall permit the intro- 
duction of such perfect wrfhMI as iron will afford ! There is, however, no need 
of conjecture in the matter; the results of the actual work upon the Manchester 
ami IJnfUpnnl il.iiU-.iy, show us, that a force of draught equal to a weight of 
one pound descending from a pulley, U capjble of drawing 200 lbs. upon the 
rail at 2| mile* per hour, which is the ordinary pace of a cart horse, whose 
power of draught through a day's work is estimated at 150 lbs. drawn up over 
a pulley at the same velocity. Consequently, we have 150 X 200 = 30,000 lbs ; 
of between 13 and 14 tons, drawn by one horse with perfect ease! Whatever 
admiration such effects mi^lit excite in the public mind, they would create no 
surprise to persons at all acquainted with mechanical science ; indeed, It appears 
from experiments made by Mr. Wood, with a well-constructed model, that the 
whole of the resistances to the motion of a carriage upon a level railway are 
capable of being reduced to the live hundredth part of the weight; conse- 
quently, one hone would be competent to draw (500 X 100 = ) 75,000 lbs., or 
upward* of 33 tons! But it is not to be expected that the accuracy of work- 
manship in a model could be carried into effect, or the expense of it afforded 
on the great scale ; nevertheless, when the numerous liltle progressive annllio- 
rationa whith the present extensive practice of our railroad mechanics are daily 
developing, are taken into account, it scarcely admits of a doubt that a borsc 
may be rendered capable of drawing, at the least, 20 tons. 

These remarks have been elicited from us by the perusal of the specification 

of a patented invention by Jonathan Woodhouse, of Ashby-de-Ia-Zouch, thirty- 

hree years ago, which unfortunately deprives many of our more modem pro- 

-'» of their claims to originality Considering that railroads were i\ui« in 

incr at (iie period of Mr. Woodhouse's propoiit'iuna, <!wj IkAn m as 
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raaarkably judicious, both in arrangement and detail ; and from their perfect 
oiyinality, they are well deserving of a conspicuous elation in the history of 
railroads, though hitherto unnoticed by writers on the subject. The specifica- 
tion is entitled " a new method of forming a cast-iron rail or plate, which may 
le used in making iron railroads, or drags for llie working and running of wag- 
ions, drays, and other carriages, on public and other roads ; and also a new 
method of fixing, fastening, and securing such cast-iron rail or plate on such 
roads: dated February 28, 1803," The following is the description. 

" The rail or plate is made of cast-iron, and the upper part or surface tiiereof 
it concave ; the width of which rail or plate may he increased or diminished as 
may best suit the size of the wheels of the carnages that may he worked upon 
ihe particular roads where the rails or plates are used. The method of fixing, 
fastening, and securing the iron rails or plates, is to place them on bearings, at 
convenient distances, which are to be fixed firm and solid in the earth, and to 
fasten the rails or plates to such hearings with wrought -iron screws, or cutter 
balls. The bearings for the rails or plates may be made of timber, stone, or 
taut-iron, or wood-piles; and if tile rails cr plates are properly fixed to such 
bearings with wrought-iron screws or cutter bolts, and the road is made even 
with ihe surface of the external or outer edges of the rails or plates, either with 
slone, gravel, or wood, or any other road materials, the rails or plates will ha 
immovable, and the wheels of the carriages used thereon will pass over the 
same with facility ; and by reason of the concave form and manner of fixing 
of the said rails or plates, no shock which they can receive (except some wilful 
Wee is maliciously used) can injure or break them. These rails or plates may 
be used on private as well as on public or other roads, with a great advantage, 
ithere n multiplicity of business is to be carried on ; and by reason of such the 
concave form, and manner of fixing them, they admit of the wheels of carriages to 
get upon or from them, with facility in any direction ; and the wheels working 
on those rails will move with great smoothness and ease. The annexed draw- 
ings show the cast-iron rails or plates, and the methods of fixing, fastening, 
and securing them, of which the following are the explanations." 

Fig. 1, a a a a, show four pieces of the plates or rails laid down in two lines, 
with their concave surfaces upwards. Fig. 2 shows the elevation or end view 
of the plates or rails, their sectional form, and how they are fixed to the bear- 
ings b b by means of screw bolts or cutter bolts. Fig. 3 is added, to show more 
Distinctly on a larger scale, the transverse form of the concave hollow plates or 
tails. Fig. 4 shows the side views of the rails a a, with their bearings b b under 
.' being shown in a position at right angles in figs. 2, 7,9, 
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i bolts, which serve the duuble put-po 

iirect line witli each other, and of firmly wearing them on their 
rings : d d aha* the May* cut between the sides of the railj or 
brace diem together it their bottom edges, /ij 6 iboiri the 



jh-^ - - ijfe^fe^ja l 



M --J :li ..-ifrl-^Jfeat 



» 






diced or cbocquered rmO. Theie, it u proposed, may also be bud in ibeets, and 
where roads meet or cross each other, to prevent the feet of the hones from 
■lipping, and will therefore be more particularly useful in inch road* as bale 
a declivity or descent. Fig. 7 exhibits an end elevation of the same. 

The subjoined sketch, /%. 8, show* s plan, and Fig. 9 a section of the mode 
of applying the invention to a street or road paved nth atone. 

Fig. B- *% 
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/7j«. 10 and 11 show in like manner, by a plan and section, the application 
of the invention to a street or road made of gravel, broken stone, or other road 
materials; but with the view of keeping the rait or plate as free from gravel as 
possible, a course of (tones is laid on each side of the rail. 

In some remarks made by the inventor "on the advantages of concave iron- 
roads," he observes, that with two horses the mail coaches might be conveyed 
eight miles per hour, as easy as the preienl mails are conveyed six miles per 
hour with four horses; the correctness of which seems unquestionable. One of 
the leading object* of Mr. Woodliouse appears to have been to avoid the frc- 
■juc-iil necessity, great expense, and inconvenience of making deep cuttings and 
imbanltmcnts, in order to conduct canals into towns, which he proposed to 
xmaect bjr the amplication of these concave rait* to ordinary roads. 
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Oar London readers will not fail to remark, that the cast-iron gutters now 
hid on each side of most of our public streets are similarly constructed to Mr. 
Wuodhouse's concave rails; and although they are now so modified as to adapt 
Ikem as water conduits, it may often be observed that the London carmen pur- 
posely avail themselves of them as a railway, to ease their horses when heavily 




fcurthened, which it evidently does considerably, although the advantage is 
gained only upon one side of the carriage. The smoothness of surface which 
these railsor gutters acquire by the traffic over them, might cause the wheels of 
a Bleam carriage (or such as carry their own motive force within) to slip a little ; 
but when the carriage is drawn, as by a horse, the wheels cannot slip round, 
and the smoothness then becomes an advantage. 

The important improvement effected on the Penrymi Railway, by Mr.Wyatt, 
described at page 13, naturally led to ameliorations in the structure of similar 



Fig.l. 




e, which was especially observable on tbe but** of tbe T«rne and 
e expense of llie transit of coals forms bo coT.&\ie«io\e »■ V <s ¥ st '™ stl 
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•f llieir Money cost, lhat the owners are iIhti alive to any decided wring that 
marj be effected therein. In the engravings in page 17. /117. 1 represent" b side 
iie«. Fig. 2 a plan, and Fig. 3 a cross-section of a ant-iron edge-rail, of ilie 
form wbkh baa been extensively adopted in the districts abote mentioned. The 
waggons run upon the rounded edge of the rail, which is smooth, and laid aa 
evenly and regularly as possible. The length of these rails is usually three 
feet, with a depth of about four inches and a half in the middle, and breadth of 
the top two inches; but in some railways the rails are four feet long. The 
ends of the rails meet in a piece of cast-iron, called a chair (see Fig. 4), and the 
chairs are fixed to atone Blocks or sleepers, with a broad base, and weighing 
from one and a half to two hundred weight. These are firmly bedded in the 
ground, and adjusted to a proper plane for the road before the chairs are con- 
nected U> them. The goodness of the road of course depends much on fixing 
the sleepers in a sound, firm manner. In Fig. I the side view of the rail C is 
shown, supported at the extremities A B by cast-iron chairs E E, which rest on 
blocks of stone D D. called sleepers. Fig. 2, the plan, shows the scarf joints, 
" ends of the rails meet in the iron chairs E E. Fig. 3, the cross 
" ' ] Fig. 1, which is the middle of its length. 

ah the joint chair and supporting blocks. 

esent history of railways relates, it does i 
appear that any other power of draught or propulsion was employed but tl 
of hornet, and, occasionally, of fixed engines up inclined planes. 

In the year 1802 Messrs. Trori thick and Vivian invented and took out apalent 
for the tint locomotive steam-engine, which was, in the second year afterwards, 
brought into practical operation. The merit of the first suggestion of steam-car- 
riages has been attributed to different individuals; but the probability is, that 
the idea of applying the steam-engine for the purposes of locomotion was 
coeval will) its first invention. Thus Savory, from having considered its possi- 
bility, and Dr. Robison, from having suggested it to Watt, have hy some been 
regarded aa the inventors ; but almost as well might we regard the philosophic 
poet Darwin to have been the inventor, who prophesied — 

" Boon ahall thy arm, unconquered stearo ! afar. 



In a note to a late edition of Dr. Itobiaon's Mechanical Philosophy, 
Mr. Watt alfltes, — " My attention was first directed in the year 1759 to the 
auhject of ■team-engines, by the late Dr. Hcbison, then a student in the Uni- 
1 nearly of my own age. He at lhat time threw oi ' 



idea of sppl 



ng the power of the steam-engine to the moving of wheel- 



r purposes; but the scheme was soon abandoned oi 
going abroad." In the patent granted to Mr. Watt in 17B4, he gave an account 
of the adaptation of his mechanism to Ihe propulsion of land carriages. The 
boiler of this apparatus he proposed should be made of wooden slaves, joined 
together, and fastened with iron hoops like a cask. The furnace lo be of iron, 
and placed in the inside of the boiler, so as to be surrounded on every side u ill* 
water. The boiler was lo be placed on a carriage, the wheels of which were to 
receive their moliun from a piston working in u cylinder, the reciprocating 
motion being converted into a rotatory one, by toothed wheels, revolving with a 
sun and planet motion, and producing the required velocity by a common scries 
of wheels and pinions. By means of two systems of wheel-work, differing in 
their proportion, he proposed to adapt the power of the machine lo the varied 
resistance it might have to overcome from ihe slate of the road. A carriage 
for two persons might, he thought, be moved with a cylinder of seven inches in 
diameter, when the pialon had a stroke of one foot, and made sixty strokes a 
minute. Mr. Walt, however, never built a steam-carriage. It is well known 
that Mr. Walt retained, up to the period of his deal h, the most rooted prejudice* 
against the mo of high a team ; indeed, he says himself, " I soon relinquished tlie 
iilcn of con si meting nn engine uii Ibis principle, from being sensible il would be 
JJuble to some of the objections against Savery's engine, viz. the danger of 
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mrsting the boiler, and also that a great part of the power of the steam would 
be lost, because no vacuum was formed to assist the descent of the piston," — 
Watts Narrative. 

In a bold deviation from the beaten track, it was (he good fortune of Mr. 
Richard Tie vj thick and Mr. Andrew Vivian, two engineers residing at Cam- 
liorne, in Cornwall, to find the path which conducled them to their object; — 
rejecting the absurd prejudices which had made high-pressure- ateam to be 
deluded from practice, they saw in the formidable qualities which had excited 
ihe fear of Watt and others, those very properties which fitted it to become ttie 
actuating principle of their mechanism. Above all other considerations which 
swayed them in their preference of steam of a high temperature, was the 
power it gave of dispensing with the use of the condenser altogether; a part 
which, from its cumbrousness, and the difficulty of supplying it with water, 
rendered it far inferior even to Newcomen's imperfect apparatus for locomotive 
purpose*. 

The specification of the patent granted to Messrs. Trevithick and Vivian is 
descriptive of a high-pressure engine, the most simple and effective ever 
known, which has thus been characterized by the eloquent Mickleham : — " It 
exhibits in construction the most utautilul simplicity of parts, the most saga- 
cious selection of appropriate forma, their most convenient and effective 
arrangement and connexion ; uniting strength with elegance, the necessary 
m ■■liilily with the greatest portability ; possejsing unlimited power with a won- 
derful pliuucv to accommodate it to a. vnrving resislance ; it may indeed be 
celled The Steah-Enqine." This machine will be found under the article 
Steam. Our present business is with the application of this engine, which the 
specification proceeds to show in connexion with a sugar-cane mill ; and, 
lisdy, it describes its employment in propelling " wheel carriages of every 




description," — a purpose for which it is most admirably designed, as it contains 
generally those arrangements or combinations of mechanism which many of our 
present locomotion Is ts call their own, and win eh arc adhered to as essential to their 
machines. We shall now quote from the specification : " fig 1 is a vertical 
section, and Ftp. 2 the /)ian oi the application of t\w tin'ntofeo. Saraa-eo^m* 
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lis steam-carriage, are In the words following : — " J claim the use 

_. a roller or rollers, wheel or wheels, to the upper ends of mi, said propellers, 
reacting against a straight and smooth rail or plane affixed under, and being a 
part of the carriage, such rail or plane being parallel, or nearly so, to the soles 
or bottom of the carriage wheels, where hy Uwottlbgc itaalf i- enabled to he rolled 
over the nppcr ends of the said propellers, crutches, or feet, by the mechanical 

Eower employed." It is worthy of observation, that however a patentee may 
e disposed to vaunt and pnlf before the "enlightened public," there is too much 
risk attending the making of unfounded pretensions in the specification of a 

Stent, wherein the claims to invention must be exactly defined ; for if any tiling 
claimed that is not new, the whole patent is thereby rendered void. In the 
claims, therefore, of a specification, we louk for the naked truth ; and in this 
case we find it to be ?io( a steam-carriage, but a uaelesB roller put under the 
body of the vehicle! These appendages, however, of guide rollers, it may be 
remarked, were first applied to preserve the rectilineal motion of the piston-rod 
in the beautiful high-pressure engines of Trevithick and Vivian, and they have 
been applied in a thousand similar ways ever since. Mr. Gurney thinks, how- 
ever, that nobody put rollers to their crutches before him, and that, conse- 
quently, he invented (team-carriages. And can it be for proposing to use these 
crutches, which it is notorious were long before patented and used, and found 
wanting, (by Bninton, in 1813, Baynes, in 1820, Gordon, in 1824, &c.) that 
Dr. Lardner scatters to the winds all the skill and talent, not only of the gen- 
tlemen we have named, but of all others who preceded Mr. Gurney in the 
building of steam-carriages ! The inquiry naturally follows, what became of the 
celebrated crutches of " the powerful genius f To answer it, we have referred to 
Mr.Alexander Gordon's interesting Treulkcuu Kb >mn,Utl Lwm,<iUun t and we there 
find it stated at page 55, that they were " entirely abandoned, the wheel being 
found not only to be sufficient for impelling the carriage, but also to allow con- 
siderable free traction." Now it is of importance tonotice, that although Trevithick 
and Vivian stated in the plainest language in their specification, twenty-four years 
prior, that the ordinary wheels alone were sufficient to propel; Dr. Lardner 
and other writers, nevertheless, lead their readers to suppose that Trevithick 
and Vivian were the authors of this error. At page 247 of lib Treatise, the 
Doctor observes, — " The mistake which so long prevailed in the application of 
locomotion on railroads, and which, as we have shown, materially retarded the 
progress of that invention, was shared by Mr. Gurney. Without reducing the 
question to the test of experiment, he took for granted, in his first attempts, 
that the adhesion of the wheels to the road was too slight to propel the car- 
riage. He was assured, he says, by eminent engineers, that this was a point 
settled bg actual experiment. It ia strange, however, that a person of his 
quickness and sagacity did not inquire after the particulars of these actual 
experiments. Ho, however, it was ; and taking for granted the inability of the 
wheels to propel, he wasted much labour and skill in the contrivance of levers 
and propellers, which acted on the ground in a manner somewhat resembling 
the feet of horses, to drive the carriage forward. After various fruitless 
attempts of this kind, the experience acquired in the trials to which they gave 
rise, at last forced the truth upon his notice, and he found that the adhesion of 
the wheels was not only sufficient to propel (he carriage heavily laden on level 
roads, but was capable of causing it to ascend all the hills which occur on ordi- 
nary turnpike roads." This unqualified admission, by Dr. Lardner, of the 
entire uselessncss of the only invention claimed by Mr. Gurney in bis patent 
steam-carriage of 1825, alio shows that the Doctor conceived that Mr. Gurney 
was the individual who " found out" this error of " eminent engineers;" whereas 
the fact is incontrovertible that hundreds of thousands of miles had been pre- 
viously travelled with plain wheels upon railways, where the adhesion of the former 
to the sin-face is not one-tenth of that upon the common road. It also shows that 
the learned author was entirely unacquainted with the many plans for locomotion, 
by numerous ingenious men (hereafter noticed) who never entertained the idea 
that the adhesion of the wheels upon the surface was insufficient to propel. And 
thus it appear* that he, whose brilliant talents we ore told had dispelled an age 
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lever comes to be disengaged, it suddenly draws p back, and turns the cock one 
quarter turn, and performs the like office of placing the horizontal rod of the 
other extremity of the handle ready f.ir ailiuii by its own tpri uy iii^-Iever. Tkest 
alternations perform the opening and skidliny of tin- ruck, audio one of the spring- 
ing levers is fised a small //ore-pinup i<\ irlik-li ,/ruwx hot voter from the case by 
the quick bad;- stroke, and forces it into the boiler btj the stronger and more gra- 
dual pressure of a lever oh the crank axis. It is also to be noticed that in certain 
eases, make the external periphery of the wheels \V uneven, by projecting heads 
of nails or bolts, or cross grooves, or jittnii/s In rnilmath, when required ; and 
that in cases of hard pull we cause a lever, fault, or claw, fo project through the 
rim of one or both of the said wheels, so as to take hold of the ground; hilt 
that in general the ordinary structure or figure, of the external surface of these 
wheels inll be found to answer the intended purpose. And, moreover, we do 
observe and declare, that the power of the engine, with regard to its convenient 
application to the carriage, may be varied, by changing the relative velocity of 
rotation of the wheels W compared with that of the axis S, by shifting tho 
gears or toothed wheels for others of different sizes, properly adapted to each 
other in various ways, winch will readily lie adopted by any person uf competent 
skill in machinery. The body of the carriage M may be made of any conve- 
nient sure or figure, according to its intended uses. And, lastly, we do occa- 
sionally use bellows tn excite the fire, and the said bellows are worked by the 
piston-rod or crank, and may he fixed in any situation or part of the several 
engines herein described, as may he found most convenient.' Such admirable 
combinations of inventive skill were never before contained in the specification 
of a patent; yet they are described with that unassuming brevity which belongs 
to matters of common occurrence. What an extraordinary contrast docs tba 
modesty of these truly clever men present, when compared with the boastings of 
several of our recent locomotion Lata, who have derived almost every thing that is 



themselves. There are thousands of persona now living in London who si 
the steam-coaches of Messrs. Trevithick and Vivian running about the waste 
ground in the vicinity of the present Bethlehem Hospital ; and likewise in the 
neighbourhood or site of Euston Square. This was thirty-four years ago; 
nevertheless, Dr. Lardner says, at page 246 of bis Treatise on the Steam-engine, 
" First and most prominent in the history of the application of steam to the pro- 
pelling of carriages on turnpike roads, stands the name of Mr. Golilsworlhy 

titirncy Numerous other projectors, as might have been expected, have 

followed in his wake. Whether they, or any of them, by better fortune, 
greater public support, or more powerful genius, may outstrip him in the career 
on which he has ventured, it would not perhaps at present he easy to predict. 
But whatever may be the event, to Mr. Gunicy is due, and will be paid, the 
honour of first proving the practicability of the project; and in the history of 
the adaptation of the locomotive engine to common roads, his name will stand 
before ail others in point of time ; and tile success of his attempts will be 
rtcurded as the origin and came of the success of others in the same race." We 
know not lo what cause to attribute such an obvious misstatement of facts; for 
it is impossible for any one who attends to the chronology or history of the sub- 
ject, not to see at once that there are about as many untruths in this panegyric 
at there are lines. It is extremely painful to us lo make these observations 
upon a gentleman of such high scientific attainments as the learned Doctor; 
but his just influence upon the public mind, renders it imperative upon us to 
notice this common error which he has fallen into, ii> order that the fairly earned 
honours of those truly eminent mechanics, Trevithick and Vivian, be not thus 
sacrilegiously trampled in the dust 1 

Mr. Gurney's first patent for a stea m- carriage was in the year 1825, and will 
be fuund described in it* proper chronological position. We will, however, in 
this place, merely observe, that the mechanic who peruses the said specification, 
"ill iii-tantly recognise the chief arrangements uf TvcvtvVricYi ai\4 N vsSnn ■, «a& 
if he reads on to the end of the specifie.it ion, he wi\\ find lliafc l\ie bq\c t\ttvH« \n 
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purpose!" All comments on such facts are unnecessary ; we therefore 
proceed to give the reader another and very early modification of Messrs. 
Treviihick and Vivian's patent locomotive carriage, as it was applied upon a 
very indifferent tramroad; in which carriage, as In tlie former, the propulsion 
was effected Bolely by the adhesion of plain wheels upon the trams; never- 
theless, on its first trial, it drew ten tons of bar iron after it, besides the carriages, 
for nine miles, at the rate of five miles an hour, without stopping once, and, 
therefore, carried beside, a heavy load of water and fuel. The minor arrange- 
ments of this carriage have been variously described by different authorities, 
awing probably to the circumstance that several carriages were built at the time, 
possessing theee variations; but the following vertical section conveys all that 
seems to be essentially required. The boiler <i n 1= nriindrieal, with a fire-door 
at b at one end of the cylinder ; at c is the fireplace, from which is the principal 
flue, the parts being shown by dots, as they are supposed to be situated 







account of the Sans PareU engine by Hockworth. The flue, therefore, ii 
turned at e, then recurved, and continued to the chimney g. By this excellent 
arrangement (invented by the patentee, and which lias ever since been 
flktiagailned' by the name of the Trev'Uhick boiler) a great economy of fuel 
was effected, as the greater portion of the heat must inevitably be taken 
Up by the water. The lower part of the working cylinder k is immersed 
in tis boiler, and the upper has a jacket, around which the fresh hot steam 
circulates freely, so that no loss of power can he suslainej by the cooling 
influence of the air upon the cylinder, as was previously the case. Above 



is a pipe j into the diimney, which contrivance alone, if now patentable, 
Id make the inventor rich; since its great elfio.acj in iiictea&mg. fee iiaxi^tvt 
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ii through the fire, causes an increased production of i'.i'-ni. while it gets rid 
of the nuisance of (he waste Bteam, in a manner so desirable as to render it 
now of in dispensable necessity. The upper end of the piston rod is furnished 
with a cross bar, which is placed in a direction at right angles to the length of 
the boiler, mid also to the piston rod. This bur is guided in its motion bv 



lower ends of which work two cranks, fixed to the extremities of the axis whk-li 
carries the running wheels, the axis extending across and beneath the boiler, 
and immediately under the centre of the steam cylinder: this arrangement 
is best Been in Fig. 1 of the following diagrams, extracted from Mr. Alexander 
Gordon's Treatise on Elemental Leeomolian ; Fig. I exhibiting an end elevation 
of the carriage, and Fig. 2 a side elevation of the same. Mr. Gordon has, how- 
titr, omitted the chimneys, probably fur want of space; and the eduction pipe 



Fig. 2. 



Fig. I. 




is shown as turned up vertically to pufF the steam into the air instead of into 
tlie chimney ; which Mr. Gordon afterwards states was an invention of Mr. Tre- 
vithick's, but that the latter had " no intention or expectation of improving the 
draught in tlie chimney thereby." From the high respect we entertain towards 
ll>e author, we regret "that such an unfair remark should have escaped liim : it 
is, thi'r,'iiire, with some suti.thrlimi that we observe, on the next page of his 
book, the following acknowledgment in favour of' the true inventor of steaiu- 

" It will not be a matter of surprise, that at a period when turn/like roads 
lure veru ill made, after experimenting on the present site of Huston Square, 
and a few other places, the inventor di-wciiitiiuicd his attempts mi common 
road*, and cuu lined his opera! ions to n railway." Those " very ill-made roadi" 
have now become converted into whui I lie i h'i. i ('ohm el M;u-eruiii aptly deno- 
minate* " billiard- table roads;" am! it is n ui.id.. \- of fact, tlint I hirn.'v's carriages, 
mule in every essential rt.'jicd nfter TrcviiliicU's inode\s, did, iicc,w\QtiB&5 , tsji 
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upon them ; and bo iliil the carriages of many other locomolionists ; some prior, 
subsequent to Gurney ; some decidedly superior to hie, and all those (hut 
inferior, were incapacitated from proceeding beyond preparatory trials, by 
the want of that material with which gentlemen of fortune, then unacquainted 
with steam locomotion, had so lavishly furnished Mr. Gurney. Notwithstanding 
all these indisputable facts, we find Mr. Gordon coinciding with Dr. Lardner, 
in ascribing every thing lo the inventive genius of Mr. Gurney ; in defiance, too, 
of their own admission, that the carriage, which they necessarily infer could net 
run (although it did, on the site of F.uston Square), when transferred to a com- 
mon Welch tramroad of ISO!, drew after it as many waggons in addition as 
contained ten tons of bar iron, besides a heavy load of water and fuel, making 
in all probably about 20 tons. This fact being admitted by the authors just 
quoted, it becomes of importance to show their consistency, in stripping the 
bunk IVum ihe Iiend of 'i'reiilhiek, to deck that of Gurney. By reference to 
Mr. M'Neill's table of resistances, given by Mr. Gordon at page 337 of his 
work, it will be seen that upon the best broken stone road (such as Gurney's 
carriages ran upon) it requires a tractive power of 43 lbs. to move one Ion 
upon a level. To ascertain what force is required to move the same load 
upon a common tram-road, we refer to Mr. Palmer's experiments on the 
Llanelly and Surrey tram-roads, the former of which he found by his dynamo- 
meter to be i.ne-fifty-ninth of the weight, and the latter one-sixtieth of the 
weight. Now one-sixtieth of a ton is 3Tj lbs. ; the force required to move 
a ton upon the last mentioned is therefore only about two-fifteenths less 
than on Mr. M'Neill's best roads. According to these data (the only data 
which we can find) it is incumbent un Messrs. Gordon, Lardner, and M'Neill, 
(the latter gentleman being guilty of the same idolatry as the former) to 
show that Mr. Gurney's carriage was competent to draw after it, upon Mr. 
M'Neill's road, the same load as that dr.; v. > by I'm. rithick'l upon the tramway, 
minus the sfeceisid rHflereBW of two-fifteenths. These gentlemen will of 
course not attempt any thing of the kind, for they must know well, that which 
thousands of our readers have often witnessed, thai Gurney's carriage gene- 
rally had its full work to do, without any tail at all. These gentlemen will 
surely not dispute their own data, nor say that Messrs. M'Neill and Palmer 
made their dynamometers incline to their own views. Let them, however, 
estimate the errors how they please; they cannot, by any established data 
founded upon authenticated disinterested experiments, show, that a light steam 
carriage, which performed the work they admit Trevithick's did upon the tram, 
would not be able to run upon our present roads better than Gurney's did ; or, 
at the least, rjuite as well. We may, therefore, confidently expect, that a due 
sense of justice will induce these eminent authors, in the next editions of their 
valuable works, to insert, instead of fits Mill of Gurney, that " Trevithick's 
name stands before all others in point of lime, and his admirable high pressure 
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and toctwiotirt' turriw/r.-. k'M be recorded as the origin and d 
success of others in the same pursuit*." 

We described at page 13, the edge-rail of the Penryhn slate quarr 
it appears from a letter inserted in the Repertory of Arts, that the i 
Mr. Benjamin Wyatt, subsequently pro- 

Eosedto make some alterations therein. 
t was found that the oval-formed rail 
had n tendency to wear the concave 
rims of the wheels away very fast into 
hollows, which fitted so tight upon the 
red as to create great friction, and 
render it necessary to change the 
wheels very often. It was accordingly 
proposed to substitute for them a rail mm 
and wheel formed in the manner re- 
presented in the annexed drawing. Fig.l 
is e section of the rail, rim of wheel, 
and sill Fig. 3, a pjan of one end of ■< 



of the 




RAILWAYS AND LOCOMOTION. 



27 



Fin. 3, section, on a smaller 
Cab, of' both rails and sills, which M p . , jg.il 

are only tun feet apart. The rail U s ' ' SB 

a ia 4 feet 6 inches long ; i is a ffl ^ W, 

flange 'i inches lonp, east tn Ciscli ' ' .'";,".. - " - ~-'~ " -"^' i'\ .?, 

end of thrail, to elide into the. - , 

dovetail of the sill e; t is the sill, WSwflKk 

now of cist-iron; the wheels c are 

also of cast-iron, only 14 inches in diameter, and weigh 38 lbs. each. 

In the year 1811, a patent was taken out by Mr. John Rlenkinsop, coal 
viewer, of Middleton, in Yorkshire, fur "(in-lain mechanical menus by which 
the conveyance of coals, minerals, and other articles is facilitated, and the 
expense attending the same rendered less than heretofore." The specification 
of this patent informs us that it consists of the application of a rack or toothed 
rail, laid down on one side of the roadway from end to end. Into this rack a 
toothed wheel is worked by the steam-engine; the revolution of which wheel 
produces the necessary motion, without being liable to slip in descending a 



ic accompanying figure 



rill CH 



readers an idea of Mr. Blcnkin 




fop's plan. The boiler x is placed on a wooden or cast-iron frame y. Through 
lis interior passes a wrought-iron tube, of sufficient diameter to hold the fire 
and grale ; this tube is carried out at the farther end of the boiler, when it is 
bent upwards, and continued sufficiently high to form tlic chimney s. a a are 
two working cylinders fixed in llie boiler, ami s'.'liieh work iu Jw vwitl'JiB'j ', 
the piston rods arc connected by cross heads to tlie conwetwuj ruis bb. Ttiese 
connecting rodt are brought down on each side of the Wilti, alii ttwte yiwvei 
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the crank" <■ c, (there being correspou cling cranks on the oilier tide of the 
inchine,) which are placed at right angles Co each other ; consequently the two 
cranks on the first shaft arc horizontal, and at their greatest power at the lima 
the other two ore passing the centre. Upon these shafts are fixed (under the 
boiler) two small toothed wheels, which give motion to a larger toothed wheel 
fixed upon an intermediate axis. A toothed wheel/is firmly keyed to the end 
of the same and revolves with the intermediate wheel. The teeth of / correspond 
ith. and work into a rack R R, stretched along one side of the railway, 
therefore, is given by the pistons to the wheels dd, which they commu- 
i the cog-wheel_/i a progressive movement being given to the carriage by 
the teeth of/ taking hold of the rack. 

The only objection made to this machine by Mr. E. Galloway is, " that the 

Kwer is applied on one side only, which must have a tendency to force fha 
nges or projecting rims of the supporting wheels against the edges of the 
rails, by which an extra friction would be produced. This, however, is a trifling 
inconvenience, and is not found in practice to deduct much from the effect of 
the engines, several of which have, since the date of the patent, been in con- 
stant use in drawing coal waggons between Middleton colliery and Leeds." 
The ingenious M'\ Galloway observes, that by this machine a load may be 
drawn up a much greater declivity, than by the locomotive of Messrs. Trevi- 
thiek and Vivian. But this observation, which appears to be repeated by every 
author on locomotion in succession, only serves to show, that they never read 
the specification of those able engineers ; otherwise, it would be readily per- 
ceived that the "cross-grooved" peripheries of the wheels, and the suitable 
'■jitliiu/s to railroads," had reference to this very liiwntimL uf lilciikiiisop's. It 
however seems that those eminent men were not only deprived of the just 
reward of their labour and talents, but that they were on all bauds subjected to 
the mortification of seeing their beautiful inventions ascribed to after-comers, 
by whom, or their friends, those very inventions were actually employed to dis- 
parage the real Inventors ! 

Mr. Partington, in his history of the steam-engine, says, that Mr. Blcnkinsop, 
in reply to queries put to him by Sir John Sinclair, stated that his patent loco- 
motive engine, with two eii^hi-miii ey tin tiers., weighs five tons : consumes two- 
thirds of a hundred-weight of coals, and fifty gallons of water per hour ; draws 
twenty-seven waggons, weighing ninety-four tons, on a dead level, at three and 
n half miles per hour ; or lit'tecn tons up an ascent of two inches in the _yard ; 
when " lightly loaded " it travels ten miles an hour, does the work of sixteen 
horses in twelve hours, and costs 400?. 

In the following year, 1S12, Messrs. William Chapman, of Durham, and 
E. W. Chapman, of Wtdlseud. Norlliunilii.'riiind, took out a patent for " a 
method or methods of facilitating llic means, and reducing the expense, of car- 
riage on rail" ays mid other n.iiili :" ivhic.li tliey describe .is cli icily consisting in 
the use of a chain, or olbcr flexible and continuous substance stretched along 
the road to be travelled, properly secured at each end, and at suitable intervals; 
and in the application of this chain round, or partially round a grooved barrel 
or wheel, in such manner as not to slip when this grooved whpel, which is fixed 
upon, before, or behind a carriage containing tin- mot ivy power, shall be put ill 
motion by that power, so that by tbe revolution of the grooved barrel round its 
axis, either one way or the other, it shall necessarily draw the said carriage, and 
any others which may be attached to it, within its power of action. As the 
carriage containing tbe motive power, when thus loaded, may be too heavy in 
some instances for the esiiiirijr iron or wooden rails, if it rested on four wheels 
only, Messrs. Chapman proposed to use six or eight wheels, in order that they 
night more freely move round curves in the road, and that the weight m'- 1 - L 
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ie proportion 
!t for carrying their invention into effect, are described a 



dci able length, with explanatory drawings, in their specification; hut as Mr. Wood 
inform* nj that the application of it tailed at tbe Herilrin t'olli.'ry. where It was 
" a time pat into practical operation, and as the details of it would occupy loo 
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large a space in our juev, 'A' inserted, \\c glial! refer the rcaJer to the enrolled 
document for them. Tbe- cm-.' of the failure just mentioned is stated to hava 
been owing to the waste of power arising from the excessive friction of the 
chain. There are one or two incident*! oh.-eivatioiB in the specifi nation which 
ought not perhaps to pass unnoticed. Allusion is made to the possibility of 
employing injhtmintiMe gas as the motive power, which, most of our readers are 
aware, was a few years agn carried into cllict by iha ingenious Samuel Brown, 
and which we propose to describe in tho course of this article. We also remark, 
although it is of little moment, that tho specification contains the first proposi- 
tion we have met with for emploj ing the common winnowing naohiae to force 
' "' "ir under the lire-place. 'I lie annexed engraving exhibits an 
is of the locomotive engines of Messrs. Chapman, which was 




employed on tin- id:, inn ridtiery. The boiler consists of a large evlhider, of 
the Trcvithick kind, with the furnace and a double or return flue pacing ihrnue.li 
it to the chimney, situate on one side of llie lire door ; opposite to whiv.li is a 
chest containing the fuel of supply. The steam chamber is a. targe vertical 
cylinder, from which proceeds laterally a pipe in conduct the steam to two ver- 
tical cylinders, listed on cither side of the boiler. The motion of the piston 
tods actuated two vibrating beams, to which Mere appended two connecting 
rods, whoso lower extremities worked two rev ok inn e rants, carrying on their 
ixis, spur gter, which, through tho medium of a train of tauihed wheels, shewn, 
gaie simultaneous motion to all the running wheels. The weight of this 
engine, with its. water and fuel, we are informed was six tons; and it was set to 
Work in December ISI'2, upon the railway leaduiL' from -Mr. J. (J. Larnhton's 
collieries to the river Wear. It drew after it IS loaded coal waggons, weighing 
S'l tons, up a gentle ascent rising i of an inch to w yati\ (or Wtwtra e.T&\Vj 
it the rat? of four miles an hour, The power of the engine *as »ii$W& \ss $» 
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running w heels as already described: * n <l it was found that their rt-sistance la 
•lipping upon the rails was the utmost power it eould exert in drawing waggons 
after it, which in this instance was carried to the extreme; for although the 
friction was equal to the drawing forward the train of eighteen waggons, after 
they inert fairly in mo/ion, it did not overcome their tit inertia until after a con- 
siderable flipping of the wheels of the carriage. 

We have introduced (his notice of the earliest experiment made with the 
engine of the Messrs. Chapman, because it exemplifies, in the clearest manner, 
that precise inclination of the plane upon which Ihe mootk wheels of a carriage, 
bearing a certain weight, will slip round, without advancing the machine. It 
also proves the neceitity in such cases of increasing (he friction of the opposing 
surfaces, either by augmenting the weight, or by some contrivance resembling 
those suggested by Trevithick in his specifications, which Dr. Lardner repeatedly 
in the coune of his work treats as an absurd attempt to remedy an " imaginary 
difficulty." 

From all the information that we can glean in Irncing out the early history 
of locomotion, this remarkable circumstance constantly presents itself, — that 
when Trevithicb's carriages with smooth wheels were employed upon levels, or 
slightly inclined planes, invidious comparisons with others having cogs were 
made against the former, because, as was asserted, they slipped and could not 
ascend such acclivities as the latter ; and this, notwithstanding Trevithick first 
suggested by his " cross grooves and fittings to railroads" the very principle of 
the cogs, in a less objectionable form, and " all other appliances to boot" of the 
engine and boiler, contained in the said locomotive! Thus Trevithick lost many 
orders, and they were given to those who adopted all the essentials of his plans, 
without acknowledgment, and employed them as the basis of their structures. 
And when, after the lapse of years, it was found out by these gentlemen that 
smooth wheels had sufficient "bite " of the rail in most circumstances, they 
made that fact appear to be their own discovery ; notwithstanding it is stated in 
'IVi'vitliick's specification of 1802, and was confirmed by his practice; which 
practice they at first condemned with one general voice ; and when, at last, 
Ibey were compelled to practise it also, (hey endeavoured to make it appear as 
vastly superior to Trevitliick's mode of surrounding his wheels •' with heads of 
nails, bolts, and claws," which he never used at all ! These ungenerous pro- 
ceedings against the mod nviintni mechanic of his time appear to have been 
going on unchecked from JB02 up to the present time, 1836. The only way 
we have of accounting for this circumstance is, that Trevithick was engaged 
ill 11 in;: many years of his patent right in cmi-iniftuig iiis high- pressure engines 
and pumps lor recovering the drowned mines of Peru, which i:mkvt;ikiji» li ■ 
afterwards personally directed, and succeeded in aivtmijili^iiiip, to the astonish- 
ment of the Peruvians, lie was subsequently appointed engineer to the royal 
mint at Lima; and on his arrival at South America, he was received with 6ueli 
cjiilni: -iaatie gratitude, that the lord warden proposed to " erect his statue in 
silver." The earth now covers the mortal remains of this eminent man ; but 
his memory will never die : for, to use the words of Mr. Gordon, he has left 
behind him " a name u Inseparably connected with high-pressure steam and 
locomotion, as that of James Watt with the condensing engine and rotary 
movement." 

We now come to the description of a machine of great singularity, and 
which strongly attests the ingenuity of the contriver, Mr. William Brunton, 
irfthe Buttcrly Iron Works, in Derbyshire, and for which he took out patents. 
ItconsisWin a curious com hi nation of levers, the action of which nearly resembles 
thnt of the lees of a man in walking, whose feet are alternately made to 
press against the ground of the road or railway, and in such a manner as to 
a'!ii|>< ili.ni:!ilvcs to the various inclinations or inequalities of the surface. The 
following engraving represents this engine, which the inventor called his 
bcuamical tkavelleb." The boiler is nearly similar to that which we last 
iribed. Tiie cylinder a is placed on one side of the boiler ; the piston rod 
pjeeli-d out behind horizontally, and is attached to the leg a b at n, and to 
eviprocating jointed bent level above ; at t\\o lower extremity of the 
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leg ab, feet are attached by a joint at b; these feet lay a firmer buld on the 
ground, being furnished with short prongs, which prevent them from slipping, 
and are sufficiently broad to prevent their injuring the road. On inspecting the 
drawing, it will be seen that when the piston rod is projected out from the 
cylinder, it will tend to push the end of the lever or leg a from it, in u direction 
parallel to the line of the cylinder ; but as the leg a £ is prevented from moving 
backwards by the end b being firmly fixed upon the ground, the reaction is 
thrown upon the carriage, and a progressive motion given to it, and this will be 
continued to the end of the stroke. Upon the tint reciprocating lever is fixed at 
1, a rod, 12 3, sliding horizontally backwards and forwards upon the top of the 
bailer; from 2 to 3 it is furnished with teeth, which work in lo a cog-wheel, lying 







horizontally; on the opposite side of this cog-wheel a sliding-rack is fix.ed, 
limilar to 1 2 3, which, as the cog-wheel is turned round by the sliding-rack 
2 3, is ulso moved backwards and forwards. The end of this sliding-rod is fixed 
upon the other reciprocating lever of the leg de, at 4. When, therefore, the 
itiding-rack is moved Ibrwnrda in the dinTiiun 32 I, by tin- progressive motion 
of the engine; and, when lit!.' pisiun-nul is at the farthest extremity of the 
stroke, the leg de will be brought close to the engine; the piston is then 
made to return in the opposite direction, moving with it the leg a b, and also 
llie sliding-mck 1 2 3 ; the sliding-rack, acting on the toothed wheel, causes the 
other sliding-rod to move in the contrary direction, and with it the leg iff. 
Whenever, therefore, the piston is at the extremity of the stroke, and one of 
the legs is no longer of use to propel the engine forward, the other, immediately 
on the motion of the piston Ik in/ cluiuiii'd, is ready, in its turn, to act as a ful- 
crum or abutment for the action of tin- moving power, to secure the continued 
progressive motion of the engine. • The feet are raised from the ground during 
the return of the legs to the engine, by straps nf leather or rope fastened lo the 
legs at //, passing over friction shelves, movable in one direction only, by a 
ratchet and catch, worked by the motion of the engine. The feet are described 
of various forms in the specification, the great object being to prevent them 
from injuring the road, and to obtain a firm footing, On&t tio ysAs iorKii "oil* 
place at the 'return of the slroke, when the action o[ (lie Cdgum envoi mwi 
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for -Wis purpose tl^Y acre iiisde broad, with short spike* to lay hold of 
tile |]l|MMll 

It is proper to record tint Ink strange machine wu actually pot to work. 
The boiler wis a cylinder of wrought-iron, 5 feet 6 inches long, 3 feet h: 
dial ik' tec, and of such strength as to be capable of si 

upwards of 'iUO pound) per square inch. The working cylinder was n incnes 
in diameter, and the piston had a stroke of 24 inches ; the step of the feel was 
2'i inches, and the whole machine, including water, weighed about 45 cwL 
When placed upon a railway, Mr. Itrunton found that it required to move it, at 
the rate of two and a half miles per hour, a power equal to the constant pres- 
sure of 84 pounds. He then applied a chain to the hinder part of the machine, 
by which, as the machine moved forward, a weight was raised at the same time 
and rate ; and be found that with steam equal to 40 or 45 lbs. pressure upon the 
square inch, the machine was propelled at the rate of two and n half miles per 
hour, and raised 112 lbs. at the same speed; thus making the whole power, 
b9G llis. at two and a half miles, which, at 150 lbs. the horse power, is equal to 
about lix bones ; but the machine was only designed to insure 4 horses' power, 
and to work upon a railway rising one in thirty-six. The late Sit. David 
Gordon, in 1824, much in 
for horses' feet ; and Mr. 
noticed ; both of whose patents will be hereafter described. 

Mr. Wood, ill his excellent Trtalue upon Railroads, informs us that, in 1814, 
an engine upon Blenkinsop's plan (described at page 27, was constructed at 
the Killing wort!) Coil: try, by Mr. George Stephenson, and tried upon that rail- 
road. In that engine, it will be observed, that the cog-wheels upon the axis of 
the propelling-wheels are double the diameter of the smaller toothed- wheels, 
which derive their action from the reciprocating motion of the connecting-rod ; 
consequently, the latter make two revolutions of each one of the cogged pro- 
pelling-wheels. The experiments were made upon a piece of edge-rail, 
ascending about 1 yard in 450 ; and it was found to drag after it. exclusive of 
its own weight, eight loaded carriages, neighing altogether about 30 tons, at 
the rate of four miles an hour. The application of the two cylinders rendered 
the action of the engine regular, and secured the continual progressive motion, 
thus remedying, Mr. Wood observes, the imperfection caused by (he irregular 
action of the single cylinder and fly-wheel. When the engine had been at work a 
short time, it was soonfuund that there was sufficient adhesion between the wheels 
and the rail to propel the carriage ; but. such was the lingering prejudice, that 
grooved sheeves were afterwards applied to the hinder travelling wheels of the 
engine, and similar grooved sheeves upon the fore-wheels of the convoy carriage 
containing the coals and water; both these were then connected by an endless 
chain; but this contrivance also waa soon found to be unnecessary, and the 
adhesion of the wheels alone produced the desired effect. The communication 
of the pressure of the steam upon the piston, through the means of Lite con- 
ucc ting-rod and crank to the cog-wheels, produced great noise, and, in some 

Earts of the stroke, considerable jerks ; each cylinder alternately propelling, or 
ecomiug propelled by the other, as the pressure of the one upon the wheels 
became greater or less than the pressure of the other ; and when the teeth became 
worn, they produced a rattling noise. For when the leverage of one crank 
became greater than the other, the latter was propelled by the other through 
the intervening wheels ; but when the former approached towards the extremity 
of the stroke, its leverage became less and less, and the leverage of the latter 
became greater, as the angle between the connecting-rod and the crank 
increased; and, at a certain point, the latter preponderated. When a change in 
the action took place, the former was then Ihu propelled, and the latter the pro- 
■K'lling power. If any play or space existed between each tooth of the cog- 
?ela, the transition of this power from one side of the teeth to the other 
,ys occasioned a jerk ; and this became greater as the teeth became more 
i, and the space between them greater. 

// these inelticienl, expensive, and troublesome contrivances, our readers 
perceive, were introduced to obviate " the nsaumtu difficult;'," which bad 
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Wen demonilraUd ten years before lo have no existence. Tu get rid of the 
cumbrous wheels and p una, and avoid ttic jerks and concussions eOntequi ill 

upon the last mentioned arrangement, we find Mr. ftuljili Doild and Mr 
lic-wgfi Stephen sun, iil'jVk'Sijitl, Liuili ui' Killingivorth, Inking out a joint put cut 
" fur various improvements in the construction nf lin-nnmlke engines," which 
was dated February 28, 1 815. It consisted of the application of a pin upon 
one of the spokes of the running wheels th;Lt supported tlie engine; the loner 
Fuel of tlie conncrting-mrl living attached tu the cross-beam, worked up anil 
down by the piston. (The following engraving serves to explain this invention. 
iJtiioiigh it belong;; tu the patented iiiiprrivenitiili. subsequently introduced by 
Mr. Losh, in conjunction with Mr. Stevenson ; Mr. Dodd's previous invention 
Iji'iiijj combined therein.) a ti represents I lie connecting-rod, the end u ott ached 
to [he croas-beam, and the end b to one of the spokes of the wheel | in like 
manner the end d of the other connecting-rod is attached to the beam of the other 
(.html, and the lower end to a pin fixed in the spokes of tlie wheel II. By lfa(M 
mnu» the reciprocating motion of the piston and connecting -roil is rann r:cd, 
by the pin upon the spokes acting an a crajik, into a rotatory motion, nod 1 1 i •_■ 







ii'iiliiiurilion of this luoliuu ti'e'.ired by the one nin or crank being kept ot right 
angles to the other, as "liowti in tlie drawing, i'o ell'ert this, the patentees hud 
1*0 methods ; — to crank the axles, on which each of liie wlie, Is were fixed, Willi 
• connecting -rod between, to keep them always at the angle with respect to each 
ollirr; or to use u peculiar serf of endless cliiiln. pap-lug over a toothed wheel on 
tub axle. This endless chain consisted at first of one broad and two narrow 
link,, alternately fastened together at the ends with boll* ■. vW Wo v..«ite» yoxVa 
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were always on ihe outside of the broad link ; consequently, the distance they 
were separated laterally would be equal to llit breadth of the broad link, wliicli 
was generally about two inches, and their length three inches. 'ITie periphery 
of the wheels fixed upon the axles of Ihe engine, wan furnished witli cogs, pro- 
jecting from the rim of the wheels (otherwise perfectly circular and flat) about 
an inch, or an inch and a half. When the wheel turned round, these projecting 
cogs entered between the two narrow links, having a broad link between every 
two cogs, resting on (he rim of the wheel ; these cogs, or projection?, caused the 
chain to move round with the wheel, and completely prevented it from slipping 
round upon the rim. When, therefore, this chain was laid upon the two toothed 
wheels, one wheel could not be moved round without the uther moving round 
with it, and thus secured the proper angles to the two cranks. This mode of 
communicating the action of the engine from one wheel to another, is shown in 
the drawing, the wheels A and B having each projecting cog-wheels, round 
which the endless chain passes. When the chain got worn by frequent use, or 
was stretched, so as to become too long, one of the chains of the axles could 
be moved buck to tighten it again, until a link could be taken out, when the 
chain was moved back again to its former situation. 

It will be seen from this description, that Messrs. Dodd and Co.'s improve- 
ment consisted chiefly (like that of all others who succeeded) of a renovation 
of Trevithick's plati of propulsion by the mere friction produced by the contact 
of the wheel and rail. The only material difference between the two plans 
being in the using of two working cylinders, instead of one with a fly wheel ; and 
in a method of connecting the axfes, so as to cause the cranks to continue 
working at right angles to each other ; the object of this being, that when the 
one crank is passing the centre, the other shall be at its greatest power, and 
consequently aid the former in lis i'.'i oluiioii, when, for want of the momentum 
imparled lo a fly wheel, it would have to atop in that situation. Upon refer- 
ence to our engraving of Trevithick's railway engine, at page 20, our mecha- 
nical readers will nut fail to obsi-rve that Ihi improivd mode proposed by Messrs. 
Dodd and Stevenson, of applying the power direct to the running wheels, is 
not to be compared to it in efficiency or durability. 

In (he subsequent year iSlfi, a patent mi granted to Mr. Stephenson, in con- 
junction with Mr.W. Losh, of Newcastle, for " a method or methods of facilita- 
ting the conveyance of carriages and all manner of goods end materials along 
railways and tramways, by certain inventions and improvements in the con- 
struction of the machine, carriages, cama^i- wheels, railways, and train wo vs. 
employed lor lliat purpose." The specification of this patent is more abl 
written than such documents usually were; and as it contains much valuabl. 
pnirtical intelligence, we shall make some extracts from it, and acconipi.ny 
them by the necessary illustrations. The patentees commence their specifica- 
tion by explaining the distinction between tilye-raila and the tram or plate-rails, 
:i~ introductory to their improvement', whiuli they I litis explain. " In the con- 
struction of our edge- railways, our objects are, first, to fix hotli the ends of the 
mils, or separate pieces of which the rails are formed, immovable, in or upon 
the chairs or props hy which they are supported ; secondly, to place them in 
such a manner that the end of any one rail shall not project above or fall below 
ihe correspondent cud of that with which it is in contact, or with which it is 
joined; thirdly, to form the joinings of the rails with the pedestals or 
props which support them, in such a manner, that if these props should vary 
from then perpendicular po-i I ion in the line of the way, (which in other railway* 
is often ihe ease.) the joinings of the rails with each other would remain as 
before such variation, and so that the rails shall bear upon the ptups as firmly 

" In the formation of our wheels, it is our object to construct them in such 
a manner, and to form them of such materials, as shall make them more durable 
ami less expensive in the repairs than iliose hitherto in uae. This invention we 
iplisb by forming our wheels either with spokes of malleable iron, and 

_ :ast-iron rims, or hy making the wheels and spokes of east-iron, with 
hoops, tin', or Hods, of malleable iron ; and in some instances, particularly for 
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wWJi of very small diameters, instead of spokes of malleable iron, we employ 
plates of malleable iron io form the junction between the navea and the csat- 
iron rims of the wheels. 

fij. 1 is a side view of the wheels, with wrought-iron arms, ana show the 
hi-ibs coat in the nave, and dropped into mortice hales made in the rim, 
which are dovetailed, to suit the dovetailed ends of the arms aaa. The arms 
B-r-e heated red hot previous to dropping them into the holes, in order to cause 
tl.em to extend sullL iintly for that purpose, for when cold they are loo short, 
owing to the properly which iron possesses, of expanding on the application of 



Fig. 2. 




Ileal, and of contracting again to ita former dimensions on cooling down to the 
iatne temperature Chun which it was raised; the arms, therefore, on cooling, 
ire drawn with a force sufficient lo produce a degree of combination between 
llirir dovetailed ends and the mortice uf tin' rim, which prevents the possibility 
of their working loose ; they are afterwards keyed up ; the mortice holes are 
also dovetailed, from the tail side of the wheel, (a a. Fig. 2.) to the crease sidi 
(J in the same figure.) 
Fig. 2 is u. cross section through the cenlre of the wheel, with wrought-iron 

/7jr. a is an end view of Fig. 2. 

Fig. 4 veprrsi-iits ;iii rii.-vjiiinu uf the I'dfie riiilivay, allowing a rail a con- 
1 1 ■ ■ ■_ [ f tl with the two juljoining mils, [lie mils of which are shown by bb, and 
f fating in the props or pedestals, the basea of which are the metal chairs that are 
Mted to the stone supports c c. The joints e e are made by the ends of the rails 
being applied to each other by what is termed a half hip; and the pin or bolt g 
which flies them to each other, and to the chair in which they are inserted, ii 
made to fit exactly a hole which is drilled through the chair and both ends uf 
the rails, at such a height as to allow both ends of the rails to hear on the chair, 
and the bearance being the apex of a curve, they both bear at the same point. 
Thus the end of one rail cannot rise above that of the adjoining one-, for 
although the chair may move on the pin in the direction it \.\\e mm ol *&s» 



rnad, yet the rail 
Fig. 5 is a crow 

a transverse pin ; 

/'15. 6 is a croi 
c behind. 

Fig 7 is a p)an 
.njia of the rails 
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i «ill still rest upon the curved surface of their bearance 

lection of our edge-railway through the middle of one of the 
1 the ends of the two adjoining rails which are connected by 
• is the stone suppnrt or sleeper. 
s section of the rail a, at the centre, and shows the carriage 



al)]( 



of the railway described at Fig. 1, showing the half-lap join- 

e placed in their carriages d d. 
Fig. 8, in the subjoined cut, is a view of the cast-iron wheel with the malle- 
' ''re. This wheel is made with curved spokes, as shown at a a a, and 

of this is, i 




expands unequally, and the rim is liable to br era. kec, and thr rims drawn off", 
unless the firBt is previously slit or opened, and the Uttel curved, which allow 
them to accommodate themselves to the increased diameter of the wheel ; by 
this (urination of the wheel, the tire may be pLct-d on When cold, and keyed 
up afterwards. 

Fig. Q is a cross section of Fig. 8, through the ci-nm. a n show the tire ; 
bb the metal rim. This cast metal rim is dovetailed ; <■• -lat when the tire, 
which is dovetailed to suit it, is put on hot, it contracts, and applies itself to the 
rim with a degree of adhesion which prevents its coming off from the motion 
of the wheel on the railway. This wheel is of the form to suit an edge-railway j 
and to make it anawerfor a plate-rail, it only requires the rim to be flat. 

Fig. 10 is an end view of Fig. 8 without the malleable iron tire. 

We now proceed to the description of the rolley or tram wheels, designed to 
move upon a plain railway, as illustrated in the subjoined wood cuts. 

Fig. 1 1 represents a view of a rolley or tram wheel ; a a a are the malleable 




n the inside of the ri 
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Fig. 12 is a cross section of Fig. 11, through the centre of the wheel; a a 
show the arms, c c the rim, d d the bolts. 

Fig. 13 represents a view of a rolley or tram-wheel, with a plate of malleable 
iron a a Oy to form the junction between the nave b b, and the cast metal rim c c. 

Fig. 14 is a cross section of Fig. 17. a a show the plate upon which the 
nave bb is cast; cc show > the cast-iron rim which is cast upon the plate, the 
edges of which plate are previously covered with a thin coating of loam and 
charcoal dust, or other fit substance, to prevent the too intimate adhesion between 
the iron plate and metal rim, so that if the rim should break, it can easily be 
taken off, and replaced by casting another on the plate. 

Fig. 15 represents Messrs. Losh and Stephenson's plate-railway. At the end 
of each plate are projections a a a, to fit into the dovetailed carnage b b, and at 
each end of each plate are projections or tenons c c, which fall into the mortice 
hole (in Figs. 16 and 17) in the carriage bb, and secure the rail from an end 
motion ; and when the pin or key is driven into its place, it secures the plates 
from rising ; and they are thus immovably fixed in their carriages. 
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Fig. 16 is a front view of Fig. 15. 

Fig. 17 is a plan of the cairiage, in which a a show the holes through which 
the nails are driven to secure it to the sleeper. When the rails are laid in this 
carriage, and secured by the pin or key, they keep these nails from staiting up, 
by resting upon them. 

Fig. 18 is a cross section of the carriage, and the end of one of the plate 
rails. 

Figs. 23 and 24 are a plan and front view of a rail of the plate-railway 
(which was at the date of this patent in common use in the North of England;) 
our readers will notice the difference between this and those we previously 
described. 

Fig. 25 represents a front view of the edge-railway in common use at New- 

24. 
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castle, prior to 1816; and the portion Fig. 26 shows a piece inclining out of the 
horizontal position, as they very often do from the yielding of the pedestal* 
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the labours of [he smith and engi 
to Ihe products of their workshops 

" My invention consists in the adaptation of wrought or malleable iron bars 
or rails of a peculiar form, instead of cast-iron rails, as heretofore. From the 
brittle nature of cast iron, it has been found, by experience, necessary to make 
the bars of a railroad sufficiently strong to hear at least six times the weight 
intended to be carried along the road, by which the original cost of a railroad 
was considerably augmented ; or if light rails were used, the necessity of fre- 

3uently repairing entailed a heavy expense upon the proprietors. To obviate 
lese objections, 1 have invented a bar to be made of wrought, or malleable 
iron, ihe origin al cost of which will be less than the ordinary cast iron rails or 
bars, and, at the same time, will be found to require little (if any) reparation in 
the course of many years. The rails or bare which I have invented are formed 
as prisms, though their sides need not of necessity be flat. Ftgt. 1 and 2 show 
sections of the bar thus formed ; the upper surfac '''"" ' 

which the wheel of the carriage is to run is slightly . 
in order to reduce the friction ; and the under part 
the supporting-blocks, chairs, rests, standards, or pedi 
which are mounted upon the sleepers. "™ 
is proposed, because the strength of tin 
proportion to the square of Its breadth and depth, 
this form possesses all the strength of a cube eqi 
square, with only half the quantity of metal, arid 
queutly, half the cost. Sufficient strength, however, may 
be still retained, and the weight of metal further reduced, 
by forming the bare with concave sides, as shown in section, 
by Figt. 3 and 4. The mode of making iron bars of a 
great variety of forms, we have already generally explained 
in our account of the iron manufacture. See Iros, 

We shall therefore briefly describe here Mr. Birkinshaw's 
rollers, with reference to the following figure, which repre- 
sents an elevation, or side view, of a pair of them. It 
will be observed, that the peripheries of each roller are 
indented with a series of grooves, like mouldings; each 
groove, except one in the upper roller, corresponding in 
form with another in the lower roller that is oppoaiLe to 
it; and that the figures represented by the hollow Bpaccs 
left between the pair of rollers, are produced by the 
opposite surfaces being brought into contact. It will 
therefore be obvious, that when a red-hot bar of iron is 
applied to the grooves of such rollers, forced round by a 

Cuiverful steam-engine with great velocity, the iron will 
t compressed into the same form throughout its length. 
The form of rail now most approved of, which we shall haie 
occasion hereafter to describe, is made by the same kind 
of machinery just noticed. It may be deserving of 
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some of the members were led to believe, by the evidence of civil engineers, 
that all tubular boilers, or such as held their water in small distinct chambers, 
were modifications of " Gurney's principle." And the learned Dr. Lardner 
considered that the peculiar merit of the latter was the circumstance that every 
part of the boiler exposed to the action of the fire was filled with water. Those 
gentleman were of course unacquainted with the foregoing. 

The great success which attended the improvements of the railway bars by 
Messrs. Losh and Stephenson, already described, seems to have stimulated rival 
manufacturers in the same undertaking ; for we find that in the following year 
(1817) a patent was granted to Mr. John Hawks, of Gateshead, Durham, for 
"a new method of making iron rails, to be used in the construction of rail- 
ways." The rails at that time in use, were, for the most part, cast iron ; and 
those which were of malleable iron were merely square or flat rolled bars, and 
were, consequently, as liable to be bent, as the east were to be broken, by the 
heavy weights and concussions to which they were continually subjected. To 
obviate those defects, Mr. Hawks proposed to combine the properties of the 
two different kinds of iron, so that the combination should possess the rigidity of 
the cast metal against dead pressure, and the tenacity of the wrought to tie the 
cast metal together, should it become broken by percussion. The specification 
states that — " Instead of making the rails or bars of cast or malleable iron, as 
those now in use are, they are a compound of malleable and cast-iron, so con- 
nected as to be stronger than if made of either kind alone. The surface is 
formed of cast iron, and the back, or under part, of malleable iron, joined 
together and formed when the metal of the former is in a fluid state ; and they 
become so inseparable that the cast iron may be broken at the nearest possible 
distances ; indeed, even inch by inch, which is scarcely possible to be occasioned 
by accident, and the rail will remain sufficient for the purposes of a railway ; 
at least, till it suits the convenience of the workmen to replace it, without inter- 
ruption to the concern in which the railway may be used : and as a loss by a 
broken rail of this invention will be less than one in common use, the expense, 
although it may be a little more in the first instance, will be considerably less 
in the end, as the malleable iron may be used again, or as the old iron will be 
of much more intrinsic value than the other." 

The modes of combining cast and malleable iron together in the rails are 
various ; but that which Mr. Hawks prefers, as affording the best security for 
their being firmly fixed together, is by. running the cast iron, when in a state of 
fusion, on the malleable iron ; to effect which the malleable part is to be first 
forged, or otherwise prepared in that form and of that strength which the 
nature of its intended purpose or appropriation points out as most proper. That 
part of the malleable iron which is intended to be combined with the cast iron 
should be rendered rough and uneven by jagging or by perforation, by giving it 
a dovetailed form, or by any other means, so that the cast iron may firmly 
adhere thereto, without the liability of becoming loose by the violent action of 
the carriages. The malleable part must be clean, perfectly dry and warm, when 
laid in the mould to receive the melted iron, which should be poured in as soon 
as possible after the mould is ready to receive it, as any damp on the malleable 
iron will endanger the soundness of the cast iron part. 

The next subject in chronological order that is connected with locomotion is 
but little calculated to advance the general welfare ; but there are some of our 
readers to whom it may prove sufficiently interesting and amusing. It is a very 
ingenious modification of Brunton's mechanical traveller, described at page 398, 
and is the subject of a patent granted to Mr. John Baynes, a cutler, of Sheffield, 
in September, 1819. The mechanism is designed to be attached to carriages for 
the purpose of giving them motion by means of manual labour, or by o' 
suitable power. It consists of a peculiar combination of levers and " 
represented in the following drawing, in which a and b, are tr« 
moving upon joints, and having slips or openings about two-thirds of 
length, for the legs and rods to move in ; c and d are legs ~- -"•••♦"beg, 
geer against the ground as fulcra, by which the carriage 
and/ are rods which support the legs ; g and h are dou 
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treadle is connected to its leg ; the leg c, the supporting rod e, and the treadle- 
rods g, arc joined together by a pivot at i ,- the leg d, the support! ng-rod /, and 
ihe treadle-rods A, are joined together at the pivot k. The mode of operating 
is described as follows : — " Press upon the treadle a, when the rods g will bring 







down the pivot i with the leg c, the rod h and the rod g into the situation repre- 
sented in outline ; the carriage being connected to the leg c by the rod e, will, 
by the action of (he leg and rods, be impelled forward. At the same time, by 
pulling a cord I (which passes through a pulley-block in, and is connected at its 
two extremities to the rods, e and/, by the arms n and o) the leg d, the rod/, 
the rods *, and the pivot *, will be brought up to tile situation of c eg and i 
respectively, ready for a stroke of the treadle h. which being then raised, will 
again impel the carriage." The patentee also slates that " there may be several 
sets of the machinery above described for working each set with a treadle ; or 
even only one set and one treadle ; hut I prefer two for ordinary purposes, par- 
ticularly when only a single person is intended to he conveyed in the carriage, 
who may wark the same by placing ono foot on each treadle, in which tho 
action will be alternate. The lower parts of the leg should be so formed or 
shot! as not to slip upon the ground. This machinery may he variously applied 
to carriages, according to circumstances, so as that the treadles may be worked 
cither behind or before the carriage, still producing a forward motion; in some 
cases it may be advantageous to joint the front cud of the treadles to the car- 
riage, and press the feet on the hind ends." 

Our common roads, although constantly tuideiiviin:' ameliorations, have not 
yet arrived at thai iLyrec ui' excellence lo enable Mich machines as Ihe foregoing 
to be worked by manual labour advantageously ; but we look forward to the 
period when (owing to the spirit of emulation that ivill he excited by the suc- 
cess of the railway system) ihe resistance (o the motion of wheeled carriages 
on the public highways will be reduced to half its present amount; which will 1 
render manual locomotive carriages, in many cases, not only practicable, but 
highly convenient and useful to their private owners. We would not, however, 
be understood as inferring that such motive fcrcc can ever come into successful 
competition with steam or even horse-power, as a means of public transport ; 

r that such a machine as Mr. Unynes's is calculated to apph human strength 
he most favourable maimer. Hereafter wo shall have more to remark on 
lUhjecl. 
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Although the Invention of Mr. I lawks, ei'.-striLi-.'tl :;t page io't. was exceedingly 
isgctiious. and the execution highly creditable to the mechanical skill of our 
"workers of iron," its success, as Eipplicubli: to ilie construction ol" railwavs. was 
of sJiort duration ; for in October, IR20. the specification ol' Air. John llirkin- 
lliair,of tin.' liedliugton iron Works, in the conn I) of Durham, was enrolled for 
1 mode of constructing rails entirely of malleable iron, the process of which is 
so simple, and the result so excellent, as scarcely to leave any thing more perfect 
to be desired ; all tlie bars nf onr present edge- rail ways are made he this pro- 
cess, and are Imt slightly inmlilied in form. Previous to Mr. Itirkinshaw's 
improvements, the edge-rails were chiefly of cast iron, resembling, for the moat 
part, those described under Messrs. Losh and Stephenson's 
patent; and those which were formed of malleable bars were 
of the sectional shape, designated in tin' annexed figures in the 
margin, the first being technically called flat, and the second 

Mr. Birkinshaw's attention was first drawn to the subject of 
substituting malleable for cast iron rails, by reading a Report 
made by Mr. Stevenson at that time, on the Edinburgh Rail- 
way. At page 2fi of that Report, the author remarks, " One pp 

attended with the most important advantage to the railway 
ij'stem, which is the application of malleable iron instead of K 
east iron rails. Three miles and a half of this description of 
railway have been in me for about eight years on Lord Carlisle's 
Works, at Tindal Kail, in Cumberland, where there are also two miles of cast 
iron rail ; but the malleable iron road is found to answer; better in every respect. 
Eiperiments with malleable iron rails have also been made at Mr. Taylor's 
Works, at Ayr, and Sir Jonn Hope's, at Pinkie ; and, upon the whole, this 
method, as in the case of the Tindal Fall Railway, is not only considerably 
cheaper in the first cost man the cast-iron n.ilway, 1ml is also much less liable 
to accident. In ihe use of malleable iron bars, the joints of the railway are 
conveniently obtained ah: mi. twelve feel apart, and three pedee'als are gnu-rally 
between each pair of joints." Previous to, and at the period of Mr. llirkiu- 
shaw's patent, is considerable, decree of prejudice existed against the use of 
malleable iron rails, on account of their ^opposed liability to waste by rust. To 
iwttle this question by the test of experience, the agent of the earl of Carlisle, 
nt Tindal Fall (where extensive lines of both kinds of mils were in use, as 
already mentioned j was applied to for informal ion on the subject. In a letter 
ii.it; d May, 1819, to Mr. Jlirkinsliaw, that gentleman said — " Our rails aie one 
and a half inches sunioi:, and stand upon stones about ten inches square, and 
are plated at one yard distance from centre hole to centre hole. Our railway 
carries four tons weight, ami has never cost us any thing yet, as to expense of 
the malleable iron, except creasing, The iron I eauiiol nt the least tilteiittkm 
tilth, iil/hiin</h .-I iius nhi:: ii-i n luii! eiijht ./■■irs. The cast iron is a daily expense ; 
it is breaking every day." The causes of the preservation of malleable iron 
bars, exposed to the weather, from rust, and their slow wear, may he readily 
supposed to lie the constant friction to which they are subjected by the traffic, 
and to the condensation of the upper surface of the metal by the ]n\i\-\ weights 
rolled over it, which produces u hard compact coat, like (bat produced by cold- 
hammering steel and cupper plates. The facilities which cast, iron presents, of 
enabling the engineer readily to mould ami run it into such forms as will com- 
bine the utmost strength with the least, quantity ef material (individually con- 
sidered), made it, for a long lime, a favourite; but the necessity of g ding 

against breakage, owing to the britlleiiess of the substance, occasioned them to 
be made so much heavier than the malleable, us to render the latter even of 
less lirst cost than the cast metal. If was from considerations of this nature that 
Mr. Birkinshaw was induced to attempt those improvements that are described in 
bis specification ; an extract from which we shall now make, it being particu- 
larly worthy of notice, as it is descriptive of the first, and yei&d&jj wwumssiM*. 
attempt to roll iron bars of those varied and usefuA forms, vAvLc\\au m\vc\\ ^it^e 
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middle of the road ; the ailes are. made of wrougbt-iron. and where they run 
upon the upright bearings, about three quarters of an inch diameter. The plane 
ii then made into a proper slope, between the platform or level upon which the 
wheel ii placed, and the lower extremity, when a similar flat or piece of level 
road is made, fur the descending train of waggons to land upon. The slope is 
either uniform, or such as the nature of the ground will permit. Some- 
times it is necessary to mate considerable bends or curves in the line of the 
road; but whatever be the form or length of the slope, it must always he termi- 
nated at each end by these flat platforms. The narrow parallel lines in the 
drawing, will show the rails as laid down upon the platform ; the wheel being 
placed below the level of the rail, the squire hole is covered up, and the nib 
pass over upon the cover. In ihe drawing, the rails are broken oft at A *, the 
Cover being removed to show the wheel. The dotted line A A, maybe supposed 
to represent the one end of the platform, and the top of the plane. Three rails 
r r r are laid from this part nearly half way down the plane, of the requisite 
width between each rail, for the carriages to run upon, so that both the ascend- 
ing and descending train pass upon Ac middle, and upon one of the outer 
rails ; these are continued, (o where the one train of waggons have to pass each 
other. The three rails, then made to branch into four, in the same man- 
ner as A A to B B, tor a certain distance, sufficient to allow the carriages to 
pass each other; these lour rails then converge into two, or a single line of 
road, as shown at ec, and are so continued to the bottom of the plane, so that 

Krallel lines, as shown in the drawing, will represent a complete passing. 
le empty, or ascending carriages will he at cc when the loaded carriages are 
at A A, and they will pass each other between X and B B'. In this form of plane, 
it will be seen, that the loaded carriages pass alternately down :hc sides D and 
K. For instance, if they commence their descent at D, one enJ of the rope 
being attached to them, and the other end being at K, at the foot of the plane, 
and ftitrimd to the empty carriages, the loaded carriages wiO pass down D, 
and when they arrive at the bottom, the empty ones will arrive at the top, at E. 
Upon the other side of the plane, the loaded carriages, in the next operation, 

ri down the side E of the plane, and the empty ones up D. When used 
passing boats from uue level to another upon canals, and also on several 
railroads, a double line of road is laid from top to bottom of the plane, with a 
double line of rollers or sheeves ; hut the reader will perceive, that in most cases, 
the one above described wi" answer precisely the same purpose. lu very short 
planes the obliquity of the road, in passing from a double to a single line, will 
cause a retardation to the carriages, and also additional friction to the rope; 
but upon long planes this is scarcely felt, and the cost of a double road the 
whole distance would le considerably greater. 

When the slope of the plane is not uniform, descending more rapidly in 
some parts than in others, or when the descent is so great as to give more than 
a requisite preponderance to the moving power, a brake is applied to the peri- 
phery of the inclined wheel, to equalize or regulate the velocity of the carriages 
down the plane ; and, in many instances, men traverse the plane with each 
train of waggon, at'd apply the brake or convoy of the carriages Ui check 
their velocity, when required. The brake upon the indued wheel will be per- 
ceived to have no power in checking the velocity of the carriages more than 
what is equal to the hold the rope takes upon Ihe wheel in passing round its 
semi-periphery ; for if the excess of gravity of the loaded carriages, above 
what is required to overcome the whole retarding forces, be greater than the 
hold of the rope, the wheel iimy h? C"'i.pV;./!y stopped, and the rope slide round 
the wheel, which in some instances, might be attended with danger. The decli- 
vity of the plane should never be so great as to cause such au excess or pre- 
ponderance of gravity, when such a wheel as this is used. 

Many other plant have been suggested for employing gravity as a moving 

'"er. Willi ;i view of improi in- upon the various contrivance! for surraouut- 

•1 natural difficulties of a hilly country, Mr. Benjamin Thompson, late of 

. Durham, took out a patent dated October 21, 1821, for "a method of 

iug the conveyance, of carriage! along item &uiwooi.ia.\V'!iijs,«MiuYaya 1 
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and other roads;" in the specification of which, ho 
states, that it consists in the application or use of 
two, or more, fixed engines, placed upon the rail- 
way, or other road to be used, at such a distance from 
each other as the nature of the line chosen shall 
render most convenient, and in such a manner as 
that the action of such engines shall be interchange- 
able and reciprocal. Mr. Thompson says, that " whe- 
ther the line of road rises or falls, much or little, is level 
or undulating, matters not ; the carriages, loaden and 
empty, are made to pass in both directions with a 
imiJ'i'iitiiiy of progress, and at the same time with a 
despatch not heretofore known. A road on which my 
invention is about to be applied, must he divided into 
stages, attention being given, in determining their dis- 
tances, to the nature of the line, in regard to curves 
or bends, and to the undulation of the surface. The 
nearer it approaches to a level, and the fewer, as also 
the easier, the benda are, the better will it allow of the 
stages being extended. On the other hand, should 
the line prove to be a very uneven one, with frequent 
and short bends, then the intervals or spaces between 
stage and stage will necessarily be required to be 
shortened accordingly. I shall probably be able more 
clearly to explain my method by describing a supposed 
case. Let the supposed road, to which my invention 
is to be applied, bo a railway (eit.it--- 
or to be made,) from a colliery to a staith, seven and 
a quartet miles in length. A proper survey being 
taken, and a plan and section of the line made, I find 
it to be expedient to divide it into five stages, in the 
manner shown by the drawing annexed. The first 
stage of the colliery may be formed to a tolerably 
uniform ascent, by the aids of cuts and batteries, 
of one and half inch to the yard, being three-quarters 
of a mile in length, and terminating at a summit, on 
which is to he erected a steam-engine, of power sufficient 
to draw up the plane six toaden coal waggons at once, 
containing a Newcastle chaldron each, at the rate of 
seven and a half feet per second. This stage is a regular 
inclined plane, and is to be wrought according to the 
first of the modes already described as now in use ; 
for the returning empty waggons will pass downward 
by their own gravity, and take the rope with them, 
preparatory to the drawing up of another loaden set. 
The full set being drawn up in eight minutes and forty- 
eight seconds, the empty set allowed to pass down in 
■even minutes and eighteen seconds, and three 
occupied in the changes at the ends, will c, 
operation of the plane to be completed in nineteen 
minutes and six seconds. The engine which I call 
No. 1 is the first station. The second stage lies over 
a variable or undulating surface, the two extremities 
of which are distant one mile and three-quarters, and 
stand nearly level with each other, the intermediate 
country not admitting, but at too great a cost, of the 
Hue being rendered level ; the ascents and declivities 
are moderate, neither exceeding one u\b\t\n&«^«t&-., 
i or bends are cosy, and not numerous. JV stca.m-ei\^ii\e,1?.o.'!., 
lerartAer termination, which is the second tloXuin, to \m \\«A ^<K 
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i ■ ' - Ivt' luinlni v.-agpnt;;. !-.;i.iiL; this stage ill mice nt ihe rate of eight and 
three- quar (era feet per second, and bringing along with them a tope from No. 1 
engine, which is allowed to run off a wheel, nut connected with No. 1 
engine, during their passage to No. 2 engine ; upon their arrival at which, 
twelve empty waggons are substituted, which are drawn back to No. 1 by 
thp rccnnrifnion of the rope-wheel with that engine, bringing with them a rope 
from No. 2 engine, which is, in like manner, Buttered to run off a wheel then 
thrown out of connexion with No. 2 engine. The operation of this stage, 
both from and towards the colliery, is thus carried on by the alternate action 
of Nos. 1 and 2 engines, standing at its extremities. The passage of a set 
of waggons takes up seventeen minutes and thirty-six seconds each way, 
and the changes three minutes ; making together, for a completion of the 
operation, thirty-eight minutes and twelve seconds, or double the time taken 
by a set of half the number on the first stage. The third stage is also one 
mile and three-quarters long, and very similar in regard to plan and section 
to the second stage. A steam-engine, No. 3, is placed at the third station, 
■ which is the furthest extremity of the stage, to draw the loaden waggons along 
the same; and the empty ones are to he taken back by No. 2 engine, in the 
manner which has just been described on the second stage. The speed, 
and the number of waggons to a set, are the same also. The fourth stage is 
more favourable than the second and third, extending over a gently undulating 
country, and being nearly straight; the fourth station, cr further extremity of 
the stage, being, in point of level, twenty feet higher than the other end of it. A 
steam-engine, No. 4, is to stand at the fourth station, to be used for drawing the 
lvngt-fjiis Irtiiii lln: third sraiirjii. Nik. J and I engines "ill thus alternately act to 
each other on this stage, as Nos. 1 and 2 have been described to reciprocate on 
the second stage, and also Nos. 2 and 3 on the third stage. The length of thia 
stage is two miles ; and twelve waggons are to travel together, at the rate often 
feet per second, which will complete the process of a passage each way, with 
* e changes, in thirty-eight minutes and twelve seconds. The fifth and last 
•ge, which is one mile long, declines regularly by the help of cuts and batteries, 
the ataith, averaging three-quarters of an inch to the yard. The loaden 
waggons are made to pass down the same, in connexion with the machinery of 
No. 4 engine, and also during the time of its drawing a set of full waggons 
along the fourth stage ; the waggons along the fifth stage moving with half 
the velocity of the waggons along the fourth stage, or five feet per second, and 
consequently performing the journey in the same time. Tiie advantages of 
this cooperative tuuveinetit arc, that No. 1 engine, being aided by the gravity 
of the twelve loaden waggons passing down the inclined plane to the staith, 
requires only about one half the power which otherwise woidd have been 
necessary for drawing independently the full waggons from the third station, 
and the descending waga-wis ihoinsoSves are restrained from proceeding too 
rapidly, and their speed accurately regulated. The engine No. 4 is used to 
draw the empty waggons back again from the staith. This mode, whereby the 
gravity of the lui.ii wagMM passing down an inclined plane is applied in aid 
of an engine for drawing loaden waggons forward upon another stage, is quite 
new, and has never been used before ; but I do not claim it aa any part of my 
said Invention. The second, third, and fourth stages, are those on which my 
method is applied. Nos. 1 and 2 engines reciprocate, or act interchangeably 
with each other on the second stage; No. 2 drawing the loaden waggons from 
the first to the second station, and No. 1 pulling the empty (or in case of need, 
loaden) waggons back igain. Engines Nos. 2 and 3 operate alternately in the 
same manner "-1th each Other upon the third stage ; and so also do Nos. 3 and 
4 on the fourth stage. The engines are severally to be furnished with two rope- 
wheels, and a rope to each, of a length and strength suitable to the stage upon 
which they are to he used. The rope- wheels must be so constructed as to allow 
of a ready connexion, or the contrary. " ith ilieir respective engines, so as to be 
capable of being acted upon by them, or of turning round, independently, at the 
will of the engine man. This may he readily accomplished hy any one of the 
modes in use with mill- .vrights fur throwing machinery into or out of geir, with 



stage, i 
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a moving power, uiy) does not require to be hew described, I make use of very 
light friction- wheels, abed. &c. in the drawing, placed vertically, Bt proper in- 
tervals, to bear the ropes from the ground, where the road is straight; and round 
the curves or bends I place similar wheels, in inclined positions, for the same 
purpose. Although two miles have been mentioned as the longest of the stages 
upon the supposed road, it is practicable, under the circumstances of a favourable 
country, to extend the operation to much longer stages. Without the applica- 
tion of my invention to the supposed road, of which a detailed account has been 
given, horses would be required to draw the waggonB upon the second and third 
Wages, because the ascent of one inch to the yard is too great for locomotive 
eneines to be used upon them, independent of the question as to their effecting a 
saving at all upon horse labour, on those level roads where they are applicable. 
Upon the fourth, or two mile stage, they might be adopted ; but, from the doubt 
u to an advantage under any circumstances arising by their use, horses would 
most likely be deemed the more eligible for working it also. Compared with 
torse labour, my method would, upon those three stages, effect, in all proba- 
tiiliiy, a saving of seventy-five per cent. In cases of greater inequality of sur- 
face, tile saving would be in a still greater ratio. A further and very important 
reduction in the cost of a new road, would result from its adoption. In the 
formation of a road, it is generally necessary to make deep cuts, and raise high 
batteries, in order to obtain a uniformly rising, falling, or level surface ; and it 
frequently happens, too, that the direct line of way must be materially diverged 
from, to favour that purpose. My plan dispense) with such nico attention to 
regularity, the engines being capable of .-mi :n.'iiii:ii'; acclivities, and the wheels 
v. iiijh give out the following or passive rope, affording the means of restraining 
the too rapid progress of a waggon down a declivity. In short, there is no 
country, however uneven or vaiiable its surface, but that may, by my method, 
be traversed. For conic; tag minerals underground, where the unevenness of 
the strata and their general disposition to undulation do not allow of a uniformly 
ascending, descending, or level road, my invention is peculiarly applicable. 
Briefly, then, and it wiil easily be collected from what has been said, ■ My 
method of facilitating the conveyance of carriages along iron and wood rail- 
nays, tramways, and other roads,' is the reciprocal action of two engines, stand- 
ing at the extremities of a stage, or portion of road to bo travelled over, one 
engine drawing the carriages forward in a direction towards itself, and along 
with them a rope from the other engine ; which rope, in its turn, pulls the same 
or other waggons, by means of the other engine, back again, and also a ropo 
therewith— thus, by the alternately active and passive agency of two ropes, are 
the powers of fixed engtni ■ Opposite directions, thereby ca 

a road to he traversed both ways, by leaden or empty carriages, at any di 
speed. It is the reciprocal and interchangeable application of power, as hath 
been described, which I claim to be my invention. ' 

The inventor had an opportunity of putting his plan into execution, imme- 
diately after the sealing of his patent, at Ouston colliery, in the county of 
Durham, and about seven miles from Newcastle, upon a length of line of si 
and a quarter miles, as in the supposed case mentioned in the specifica 
The principle was, however, at that time only applied through the medium of 
two steam-engines, previously used in drawing loaden waggons up inclined planes. 

The distance of the two engines from each other was 2315 yards, the uppei 
end whereof is a steep inclined plane, 323 yards long, up which the carriages 
»ere drawn by the Avton engine : and the remaining portion, which is 1992 
yards, which had previously been worked by ten powerful horses, the ascent of 
it being 65 j feet, but not a regular acclivity. The engine at the lower end was 
'or the purpose of drawing loaden waggons up an Inclined plane extending 387 
yards in the contrary direction, or towards the colliery. The two engines, in 
•ddiiion to their former work, have been made to reciprocate with each other 
over the whole length of the horse road (which has considerable corves and 
irregularities) according to the mode described in the foregoing succiticotimi 
ii|.uu the second, third, and fourth stages. 
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The friction-wheels are l\ inches diameter, with a groove 
ag from a narrow bottom to 4| inches at the top. The 
t— *™»g wheels have a cast-iron horn projecting 5 rochet from the frame at its 
ntsder aoc, to receive and guide the rope rata the roots. The wheels are all 
node to run upon oak hearings, and are greased once every day; they act 
well, and nn« in the lightest possible manner, occasioning a friction incredibly 
small when their number, (350,) and the length and weight of ropes, are consi- 
dered ; for in order to preserve and keep safe the ropes, they are both housed 
every night, the last set of loaden waggons being drawn up without the tail or 
passive rope, and in the morning (Ant rope being first conveyed upwards with 
a single empty waggon bj 3 horse, which performs the task without difficulty at 
the common working pace if 2( miles per hour. 

In the fourth volume of the Tnnuattumi of lie HipMand Society, are some 
very interesting papers by Mr. Scott, of Orrniston, which are descriptive of 
several ingenious methods of overcoming ascents on railroads by means of 
animal power; they are, foe the most part, unsuited to the scale of operations 
contemplated in the great lines of pubbc railroad Dow forming in all parts of 
tbe kingdom ; but in branch communications from one line to another, and for 
facilitating the traffic and intercourse of adjacent towns and villages witb the 
main lines, as wel! as the formation of private railroads, where economy of con- 
struction is of primary importance, some of the suggestions of Mr. Scott appear 
lu be deserving of attentive consideration. Under these impressions we shall 
make a few extracts from those papers, for the information of our readers. 
In the first plan which we shall notice, waggons or carriages of any kind, as 
io boats OB carriages, having wheels to correspond with the breadth of the 
railways, will continue as horizontal in passing up and down inclined planes, 
—■ of 45" of elevation, as if travelling upon a level railway. The first idea of 
was to construct waggons on purpose for ascending and descending upon 
iteep inclined planea ; but an improvement whs afterwards thought " ' 
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li carriages of almost every description may puss up and down these 
inclined planes, provided that their wheels be fitted to the railways. 

All public lines of railway will require two distinct sets of railway tracks, 
ind, consequently, the inclined planes upon it must be fitted up with machinery 
that will take up carriages upon the ascending plane, either empty or loaded, 
at the same time that empty or loaded carriages are pushing down the descend- 
ing plane ; and, in like manner, let down on the descending plane cither empty 
or loaded carriages, when there are neither empty nor loaded carriages to pass 
up the ascending plane ; all such properties are requisite for general service on 
a public line of railway. Inclined planes that have upon them ascending and 
descending tracks, are culled double inclined planes ; but those about to he 
described may be Called double-railed inclined planes, as both the ascending 
and descending planes have two sets of rails. 

The first step to be taken towards the formation of these inclined planes, 
ii to commence at the foot of the acclivities that are proposed to he ascended 
and descended, and to cut forward a level roadway or a necessary breadth for a 
douhlo railway, not having less than four feet in breadth between the two rail- 
ways, until a perpendicular height is gained of from eight to ten feet. This 
face is not to be left perpendicular, as in tlie last proposed method, but is to be 
doped away towards the rise of tlie acclivity with an uniform regular shape, 
until it forms an angle of 45° with the horizon, or an outward angle of 135" 
with the level line of the railway. At the top of this inclined plane we again 
commence and cut forward a similar roadway, until tlie face of the cut be such 
is will admit being formed into another inclined plane, like to the first ; and, in 
like manner, continue to cut forward roadways and form inclined planes, all the 
way to the fop of the acclivity, or else to a height where it may be judged 
proper to strike off with a level railway. All these steep slopes are to be care- 
fully flagged with well-dressed durable stones, [aid in lime ; and the sides of the 
roadways are to be properly built with a face-bit itding, until it reach near to the 
foot of the paved elopes. Strong waits are also to he built on each side of (tie 
dopes with large hewn stones : the tops of these walls are to be curried up 
parallel with the slope of the pavement ; and the height of each of these walls, 
measuring at right angles with the pavement, may be three feet; and they are 
la he carried up to a level with the upper roadway. A middle wall of strong 
mason-work, of four feet in thickness, is to be built exactly up the middle of the 
paved slopes, corresponding precisely as to height and slope with the side walls, 
and which arc also to be carried to a level with the upper roadway. 

Matters being thus far arranged, the nest step la to lay all the level roadways 
with rails, so as to form railways of about four feet three inches between the 
tracks. Rails are not only to be laid along level roadways, hut they are also to 
be laid up along the inclined paved planes, in a secure and substantial manner. 
There is, likewise, a rail to be laid upon the top of each of the side walls of the 
inclined planes, in a parallel manner to those upon the pavement, and which 
sre to be securely fixed within three inches of the face of the walls. The 
length of a horizontal line between the rails that are upon the pavement, and 
those that are upon the top of the side walls, will be found to be (at the height 
that these walls are proposed to be built) four feet three inches, nearly. Now. 
if a carriage be made with two pair of wheels, ail of the same diameter, having 
its fore-wheels to correspond with the rail way- tracks that are upon the pave- 
ment, and its hind-wheels with a longer axis, to correspond with the distance 
between the rail-tracks that are fixed upon the top of the side walls, and the 
sxles of the two pair of wheels plated at the calculated distance of four feet 
three inches from each other,— then will the body of such a carriage, when pass- 
ing up and down these inclined planes, rem nil) equally level as if travelling along 
level railways. A carriage, such as we have described, could not travel along 
• railway with single rail-tracks, owing to the axles not being both of one 
length ; and to have a railway on each side, would he attended with much 
additional expense; or to have small rollers on projecting ends of the hind- 
aides, would give the carriage an awkward appearance; therefore, the fullcRivv^ 
method is proposed which is, to sink a place at the tool, <& VVe VncWwi. ^laatv 
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of a length, breadth, and depth fit to receive a platform carriage with four 
wheels, in fore ones lo fit the rail-cracks on the pavement, anil its hind wheels 
to fit the tracks that are on the top of the side walls. Upon this carriage (wo 
rails are to be filed, to correspond exactly upon the level railways, and to butt 
against them. A stayed iron draught-bar is to be strongly fixed to each side of 
this carriage, to fasten the ropes to, by which the machinery is employed to 
raise up or let down the carnages. The position of the draught-bars will be 
regulated by the centre of gravity of the weight that is to be brought up. From 
that a waggon, such as we have placed upon it, 
r, that has wheels corresponding with the rail- 
way, will readily enter upon these platform carriages, which may easily be pre- 
vented from running off, while ascending or descending upon the platform, by 
means of a piece of chain fixed near to its fore end. As these plntform car- 
riages are only intended to pass alternately up and down the inclined planes fur 
carrying the railway carnages, it is requisite that, on reaching the top or 
bottom, the rails shall also correspond, that the waggons may leave the platform 
on the chain being unhooked that is to prevent them from running prematurely 
olT. An experiment was made upon a railway having a declivity of twelve and 
a half inches in 100 feet of length, with a loaded coal-waggon, whose weight, 
including the carriage, was two tons. A middle-sized old man pushed this 
waggon down the declivity, and gave it a considerable motion ; the waggon was 
stopped when the same old man set his back against it, and brought it up to the 
above-mentioned acclivity, without much apparent difficulty. This is stated to 
show, that where the distance between the inclined planes is short, the carriages 
may be pushed along by one man upon a level railway ; or he might be put in 
possession of a kind of acceleration to be wrought by treadles, by which he 
could employ both his weight and his strength by laying hold of two handles to 
give greater power to his feet. Or, in place of cutting forward a level roadway 
lo the ascending plane, it may be cut with an easy declivity, and the railway to 
the descending plane with a gentle acclivity, by which the carriages, on being 
put in motion by hand, would run of themselves to the inclined planes. By 
forming the roadways in this manner, the ascending plane would become some- 
what more, and the descending plane somewhat less, iu height, than they would 
have been had the roadways been level; but as it may be best to have both 
inclined planes of the same length, it will only be necessary to make the 
ih'-jvmliiig plane with a longer slope; For although 45° is here mentioned, 
there is no necessity for adhering to that angle. Where the distance between 
them is great, the level railway, and a horse to be employed to pull the carriages 
between them, is to be preferred. Although it is practicable to make inclined 
planes, upon the same principle as those described, to take up more than one 
waggon at a time, yet the power that would be required, and the several disad- 
vantages that would attend it, are such as will much more than counterbalance 
any advantage or gain to be made ; for which reason there need be no hesita- 
tion in recommending the taking up or letting down only single waggons at a 
time ; and possibly it may be found that the most henelicial and eligible weight 
to be carried will not exceed two tons, including the weight of the carriage. 

The mechanical power of an inclined plane, baring 4& rfll ar i fifwi , reduces 
the weight of two tons to that of 28.284 cwr. ; to which is to be added for 
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manner proposed ; the doited line A E rej>resT.t» Hie original line of the i 
face, and the line E F the perpendicular height gained by the four inclit 
pluea. A BCD in Fig. 2, is a section of one of these inclined plan ' 




™« of the aide walls built with hewn stones ; tlie dotted figure abc, one of (he 
platform carriages at the top F G of the inclined plane, where the waggon de 
w dotted lines, has entered upon it ; fy is another platform carriage at thu 



J^m of t|,e plane, with a waggon k i upon it, fee time-^WsA* *>* n?w& W 
™"> with a piece of cJiain to prevent its running off fee ^«!>S'nw.-«.«stP*.«s 
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when in the act of ascending or descending. The wheels of this waggon ue 
upon a level with the loner line of railway H I. The wheeb of the pbtforsn- 
carriage are represented as travelling upon the pavement K L, and upon the 
top uf the aide walla H N ; while k I represents a aide view of part of the frame- 
work of the coiling cylinders, and m an end view of one of the cylii 
represent! one of the ropea, and the dotted figure at o one of the si 
draught-ban for fattening the ropes by which the carriages are drawn up or let 
• down. The preceding Fig. 3 is partly a cross section, but chiefly en elevation of 
one of these inclined planes; pppp. the rails in the bottom of die plane ; 
gqqg the rails that are upon the top of one of the side walla, and r r the waggon 
upon it. The following Fig. 4 is an elevation of the frame-work and machinery 
to be placed at the top. The coiling cylinder A A is to be placed to suit the 
ascending plane, and the cylinder BB to suit the descending plane. At M b 
coupling-box is introduced, by which the axis of the cniling-cylinder A A can 
be disengaged from that of BB at pleasure. Upon the axis of the cylinder* 
C D a. screw-wheel E is to be fixed, and wrought by a double-threaded endless 
screw S, tbat is upon the axis F F. On the lower end of this axis another 
screw-wheel G is fixed, to be wrought by another two-threaded endless actfew 
H, on whose axis are two winch-handles, aa represented in Fig. 5. The one 
end of the ropes that are upon the coiling cylinders A A and B, is to be fastened 

i, CD, 



nd of the ropes that are upon the coiling cylinder* A A and B, is 
o the stayed: iron draught-ban, already described. Upon the ss 
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the cylinder I is to he fixed ; one end of its rope is to pass over a pulley-wheel 
K, placed over a deep pit tt, suitable to the length of the inclined planes, and 
to have a heavy counterbalancing weight L fixed to it, aa represented in dotted 
lines in Fig. 6. At M the same may be effected by means of wheel and 
pinion apparatus. 
In situations where a stream of water can be brought forward to the top of 
* tingle inclined plane, an oblong pit may he sunk of a depth answerable to the 
fengtS erf" the inclined plane, and a level mine art to \\»oo«*nn,totra\S. <£ ^itar. 
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Owr this pil is to be placed a long colling cylinder, having a range of buckets 
(u*]>ended from it by ropes ; the buckets arc to have valves to open upwards, 

r, by moans of small cords. The ropes that are to pull n|i the 

pass over pulley-wheels placed in a proper position, and at a 
proper height, the one end of tin rupes being fi\ed to the waggons, and the 
other end to the pit cylinder. The weight of water that each bucket holds 
being known, will enable the engine man to know what number to till for the 
height of the waggon to he drawn up ; on the necessary number being filled, 
they will then descend, and pull up the waggon : a brake-wheel is to be fixed 
un the axis of the pit-cylinder to regulate iu motion. When the buckets are 
it the bottom of the pit, should it he required to let down a loaded waggon, the 
counter- weight is to lie adjusted to the weight to be let dawn, by pulling a 
necessary number of the valve-cords, to permit the water to escape from the 
requisite number of buckets ; the aacciit if the buckets and descent of the 
Mggon to be regulated as before, by the brake-wheel. Should all the buckets 
be at the bottom of the pit, at a time when they are wanted to pull up another 
waggon, the ropes of all the valves are to be pulled, that the buckets may be nil 
emptied ; and for this purpose there is to be, besides the range of buckets 
already mentioned, a latere bucket. with ft valve in its bottom, that opens on 
reaching the bottom or il.c p i, having its rope coiled the contrary way round 
the pit-cylinder, to that ul the range of buckets ; tills bucket is to be so sus- 
pended from the pit-cylinder, that, when oil the other buckets arc at the bottom 
of the pit, this shall be at the top. By filling this large bucket with water 
it-hen at the top of the pit, it will descend, and occasion nil the empty ones 
to ascend to the sanv pl.itt, mil. " .en refilled, they will again be in readiness 
to pull up aitot bet ».;„■_'. • Ity il us having a ran^e ul' buckets, the counter- 
weight can be so regulated a« to answer the weight of different carriages, 
whether loaded 01 mdonded. [: is unnecessary to point out the simple manner 
in which the water can he directed into the different buckets, and stopped when 
riot wanted. The pprpi.i;d:oul.ir height of" canal-lucks is very generally about 
<?ight feet. Tills appears alio tn 1m a suitable height, for the greater that the 
height is the greater will be the disproportion ol cutting and mason work, 
between a high and low inclined plane ; for, by calculation, it will be found, 
that, iu the formation, one of sixteen feet high will contain four times the 
number of cubic yards ol «olid cutting enmpured with one of eight feet, and 
*cquh'e four times more face in.iS Imgs, :.n.i li se of much greater strength. At 
these short inclined planes i'ie »".i ' - ■; ■ . .(1 machinery may he roofed in, 
And kept dry In all kinds of weather . aid, under the same roof, the engine- 
man and his boy may have a cabin. It :•. with a view to reduce the number 
vf horses kept, that these short inclined planes arc so much recommended, as 
sdso to find employment for industrious labourers." 

Mr. Thompson's plan of working inclined phuics by fixed engines, has, we 
■Understand, been very sLicccsii'i'lly carricil into ellbct in many places; and SO have 
some of Mr. Scott's propositions, in a modified form. We must now, however, 
leave this part of the subject, to introduce to the reader an entirely ilifleront 
description of railway conveyance, invented by Mr. II. It. Palmer, at present 
the engineer to the London Dock Company, and which «:■■- patented by liiin 
on ihe 22d of November, 1821. Instead of two lines of rail laid ii]ion the 
ground, as heretofore, Mr. Palmer's railway consists of only one, which is 
elevated upon pillars, and carried iu a straight line across Ihe country, 
however undulating and rugged, over hills, valleys, brooks, and rivers, the 
pillars being longer or shorter, to suit the height of the rail above the surface 
of the ground, so as tn preserve the line of the rail nln-nyt straight, whether 
the plane be horizontal or inclined. The waggons, or receptacles for the 
goods, travel tn pairs, one of a pair being suspended on one side of the rail, nud 
the other on the opposite aide, like panniers from the back of a horse, ity ibis 
arrangement only two wheels are employed, instead of eight, to convey a pair 
of waggons; these two wheels arc placed one before the other on the roil, anil 
the axle-trees upon ivliicil they rcolvc are matte of WvSAftvA \e\yg\\ sh*. 
itreiigth to rutin extended arms of support, to wWtcV, are WM^ftWw* w&^jjsv* 
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Weight 
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In conducting these experiments, the first four were made with the axle 
oiled, so as to keep it constantly feeding on, as shown in the figure. The weight 
being drawn up was liberated, and falling 30 feet, the respective number of 
revolutions were made before the axle came to a state of rest; the second 
column being the time in oscillations of a pendulum vibrating 300 times in 157 
seconds. At the end of experiment 257, the oil which was resting upon the 
bearing, heaped up, as shown in the figure, was merely removed, as cautiously 
as possible, so as to allow that which surrounded the axle to remain; the weight 
was drawn up as before, and falling precisely the same distance, the number of 
revolutions was, in that experiment, 189. No additional oil being applied, the 
weight was successively drawn up and liberated as before, and the number of 
revolutions were found, as shown in the table, until the end of the 300th 
experiment, when the number of revolutions, by the same moving force, was 
only 37 ; during the whole of which period the axle was never touched, no oil 
was applied, and none removed. At the end of the 300th experiment, the axle 
was again copiously oiled, so as to feed on during the whole of the 301st experi- 
ment, when the number of revolutions were 265, The oil was then removed 
as before, when the number regularly diminished until the 323d experiment, 
when it was again reduced to 36 ; and when, in the next experiment, the oil 
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openings, !o receive (he rail B, which is composed cif deal planks, set on their 
ed^es, nth their upper surface C defended bv east or wrought-irou plates, • 
little convex on the upper aide. When the rail has Wen same time in use, and 
all has taken a hearing, a little adjustment of the line may be requisite before 
the rail ia bolted to the pillars ; to effect which, a very simple and easy method 
is provided. In the cleft of the pillars, and under [lie rail, two wedges a a are 
introduced in opposite directions, whereby its level mnv be adjusted with the 
nicest accuracy. The wheels D D are provided with flanges, to keep them on 
the rail, and their peripheries ore slightly concave, to adapt their surfaces xi that 
of the rails. E E are the arms or axles ; H H are the receptacles for the 
goods, which are made of plate iron, and are suspended to the arms, as before 
mentioned, by the mflcxibiG rods 1 1 1 1. To one of the arms a chain K is 
booked, to which a towing-rope may be connected. Any number of carriages 
may then be attached together by chains hooked on to the angles. 

The annexed Fig. 4 is intended to exhibit a portion of the railway in use, 
End the methods by which several of the obstacles which frequently present 
themselves are overcome. On the left is seen a jointed rail, or gate, that crosses 




tlie ruad over which the carriages have just passed, and the gate switng buck, 
to leave the road open; the horse and man having just forded, the train of enr- 
riages is proceeding in its course, and following another train, part of which is 
■een on the right, crossing a rail bridge, simply constructed for that purpose-^ 

Provision ia made for trains of carriages that are proceeding in opposite 
directions, by means of " sidings " or passing places. With respect to loading, 
if both receptacles be not loaded at the same time, that which is loaded first 
must be supported until the second is fulL Where there is a permanent loading- 
place, the carriage is brought over n step or block ; but wli.n it is londi'd pro- 
miscuously, it is provided with a support connected to it, which is turned up 
when not in use. From the small height of the carriage, the loading of those 
articles usually done by hand becomes less laborious. The unloading may be 
done in various ways, according to the substance to be discharged, the recep- 
tacles being made to open either at the bottom, the ends, or the sides. In some 
cases it may bo desirable lo suspend them by their endB, when, turning on their 
own ceDtres, they are easily discharged sideways. 

Among the advantages contemplated by the'patentee of this railway, may be 

i,u Dtknri that of enabling the engineer, in most eases, to construct a rail 

<n that plane which is most ef&ctunl, and where the share ol die comiu-, ■* 

' " o great an ex/iriidilure on former plans— thai tf Vje'mg tiufc\A»s«iysa 
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■ prrfecllj straight line, and in the facility with which it may always be 
adjusted; in being unencumbered with e.straneons substances lying upon it; 
in receiving no interruption from snow, as the little that may lodge on the rail 
u cle.ired off by merely fixing ahmsh before the first carriage in the train ; in 
the facility with which the loads may he transferred from the railway on to the 
carriages, by merely unhooking the receptacles, without displacing the goods, 
or from other carriages to the railway, hv the reverse operation ; in the preser- 
vation of the articles conveyed from being fractured, owing to the more uni- 
form gliding motion of the carriages; in occupying less bind than any other 
railway; in requiring no levelling or road-making; in adapting itself to all 
■ituations, as it inny be constructed on the side of any public road, on the 
waste md irregular margins, on the beach or shingles of the sea-shore, — indeed, 
where no other road can be made ; in the original cost being much less, and 
the impediments and great expense occasioned by repairs in the ordinary mode, 
being by this method almost avoided. 

A line of railway on this principle was erected, in 1825, at Cheshunt, in 
Hertfordshire, chiefly for conveying bricks from that town, across the marshes, 
for shipment in the river Lea. The posts which support the rails are'about ten 
feet apart, and vary in their height from two to five feet, according to the undu- 
btioiis of tin; surface, and so as to preserve a continuous horizontal line to the 
rail. The posts were made of sound pieces of old oak, ship timber, and in a, 
the slot or cleft at the upper ends of the posts, are fixed deal planks twelve inches 
by three, set in edgeways, and covering with a thin bar of iron, about four 
inches wide, flat on its under side, and very slightly rounded on its upper side; 
the true plana of the rail being regulated hi pre tvi d bj the action of counter- 
wedges between the bottom of the mortices, and that of the planks. By this 
rail, on the level, one horse seemed in he capable of drawing at the usual pace 
about fourteen loin, including the carriages. 

The late Mr. Tredgold, whose opinion in matters of ibis nature will ever be 
entitled to alt. niivo eun.iideiYition, expressed himself very favourably to this 
invention in his Treatise on Ruiiroadi and Carriages: — "We expect (lie 
observes) that this single railroad will he found l..r superior to any other for 
the conveyance of the mails and thu.-e light curringes of which speed is the 
principal object ; because we are satisfied that a road fur such carriages must lie 




so as to be free from the interruptions and crossings of an ordinary ra 
It has generally been considered a defect in Mr. Maimer's r.nangemei 
urrfer !<> make turns in the road, tt is necessary thai a portion of the ri 
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should be made to turn with the carriages upon it. This defect, Mr. T. Chap- 
man, of Royal-row, Lambeth, proposed to remedy, by so constructing the 
carriage, as to enable it to turn itself upon a fixed suspension rail, whether 
curved or straight, or from one angle to another. Fig. 1 on the preceding page 
exhibits an end view of the carriage, and Fig. 2 a side view of the same, partly 



Fig. 2. 




in section, a a is the rail, b b two wheels on the rail ; these carry the turning 
plates c c, each having four friction-rollers : e e, upper plates ; //, the vertical 
axis of the wheel-frames or turn-plates cc; they pass through the plates d and 
e, from which the boxes gg are suspended, by the lateral arms h h and ii. 
Now as the wheels and frames b c can turn freely on their axis //, they each 
require four guiding rollers jjjj to keep them in a right line with the rail, and 
to cause them to turn as the rail turns. These carriages should not be further 
asunder than is absolutely necessary for the required curve of the rail. The 
bottom of the carriage has a joint at one third of its length, and is held up at 
this hy the hooks kk; by removing these, the contents m&y be let out : the 
fixed portion of the bottom is made sloping,- so that it may be readily emptied. 
About thirteen years ago it occurred to the editor of this-work, that the force 
of the wind might be beneficially employed as an auxiliary power for propulsion 
on railways ; and considering that the suspension principle, which had just then 
been promulgated by Mr. Palmer, was better adapted to that object than any 
other, he wrote a short paper on the subject, which was inserted in the eighth 
Dumber of the Register of Arts, for January, 1824, under the signature of 
w L. H." The plan also embraced a proposition for enabling boats from the 
sea, a river, or canal, to pass out of the water, at once upon the rail, and thereon 
be propelled precisely in the same manner as the receptacles provided by the 
inventor are, and from which they scarcely need to differ in shape. Both of 
these propositions have been treated with abundance of ridicule, by persons who 
were either incapable or indisposed to reason. But one of them having, accord- 
ing to the newspapers, been recently carried into actual practice at Sunderland, 
and under less favourable circumstances, (t. e. on the common ground rail, ) the 
writer need not dilate upon its feasibility. And as respects the other proposi- 
tions, he will only observe, that believing it to contain the germ of something 
that may hereafter prove of public benefit, he hesitates not to place it before 
the judgment of the reader. The following are extracts from the paper 
alluded to. "The inhabitants of small islands, and of the sea-coast gene- 
rally, subsist chiefly upon fish ; and as they are remarkable for robust 
constitutions, it follows that their food must be strengthening and whole- 
some. I propose, therefore, a railway, on Palmer's principle, from London to 
the nearest seaport town or fishing-place, that shall give to the inhabitants of this 
city the advantages of a plentiful supply of the cheap and wholesome food enjoyed 
by those in mantime situations. In the drawing which accompananies thia, 
the scene sketched is entirely imaginary, and Vs lutendeA, jlrst, to xe\jre«si&. * 
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railway leading to a sea port, with the carriages being propelled, according to 
the modes projected by Mr. Palmer ; the fint train of carriages being drawn 
along the rail by a locomotive steam-engine, the second, more in the perspec- 
tive, is supposed to be drawn by a horse. Brighton is perhaps the most eligible 
situation for such an undertaking. By a railroad from that place, the London 
market might be supplied with a prodigious quantity of fish within three or four 
hours after their being taken from the sea, at the mart trifling expense of car- 




riage ; and if the wind were to be employed as an auxiliary propelling force, 
which I propose, the rapidity with which the fish might generally be brought 
lo our markets would give us all the advantage of a sea-port town in the pur- 
chase of it If the Hollanders have found it practicable (as is well known) to 
sail over land in four-wheeled carriages, how much more practicable and advan- 
tageous would it be to bring into use the admirable facilities furnished by 
Mr. Palmer in his new suspension railway, in which the resistance to the motion ' 
□f the carriages is reduced to one-twentieth part; or in other words, wherein 
the facilities are twenty times greater. As objections will of course he raised, 
on the score of the variableness of the wind, I must repeat, that I only propose 
it. as an auxiliary power. It would rarely happen that the wind would not 
he favourable in going or returning ; and it is well known that S.W. winds 
prevail more than any other in our quarter, which would be favourable for the 
' ' "' '' ' .- r --J-- i- ■!. - -i-- - -» ( jteam-engine. i 



principal traffic; that is, to London. In the -a 
horse should always be in attendance ; so that when emploj 
- of carriages, if a favourable breeze should spring up, the Bails might be spread, _ 
and the horse he-put into one of the receptacles, where, over his bag of corn, 
he might regale and invigorate himself for fresh exertions, should the wind 
fall on". 

" Having now given the outline of my first project, I proceed to my leconif, 
which will explain the meaning of the sailing vessels in the foreground of the 
drawing, that are apparently issuing out of a canal lock. My intention in this 
was to exhibit an easy and obviously practicable mode, of transferring heavily 
laden vessels directly out of the water on to the railway, where they might ha 
propeUed by the wind with much greater velocity than through the water ; and 
at tha same lime show how admirably Mr. Palmer's railway is adapted as a 
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d from canals and rivers, or to form an important 
connecting line between them. In cutting a canal, which has to proceed down 
■ declivity, and to ascend another, numerous locks must lie constructed at an 
enormous expense; these would cause great loss of time and inconvenience in 
tlie traffic, which may be obviated by the- adoption of this suspension railway 
ai a connecting communication. The railway I propose Is to he constructed 
na caml, elevated upon pillars, and not to terminate on arrival at the look 
gates B, but to pan over it, and terminate at the other end, just 



I 



lecond gates A, and be supported upon pillars from the floor of the lock, the 
lame as on dry ground. In the annexed cut, (which is a plar ' ' 
bain of vessels are supposed to have all entered the lock, half o 



1 the annexed cut, (which is a plan,) the d nubia 
_ to have all entered the lock, half on one side of 
Mb rail, and half on the other, and they are hooked on to the axlo-trees of the 
'e already upon the rail for that purpose. The gates next to the 
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lc gates being 
e propelled by 



river or canal are then closed, and all being fast, the wate 
lock by a sluice at D. till it falls below the bottom of the oul 
tfme the vessels are all suspended on their axles in the air. 
Ottt opened, and the wind lair, they sail across the valley, c 
Hie other means provided by the patentee." 

Having now noticed the principal arrangements in several different kinds of 
railway s, and the motive pouc: enipVyed. »c -hall proceed to inquire into the 
nature and extent of the efil.ts produced. The resistance to the motion of 
carriages arises from three rmsi -. ■>!. :l -t travelling on the common road, 
"ton railways; but they vary iu their relative proportions according to the 
nature of the surface passed over. Thin the resistance to the motion of a car- 
riage on the common road, arising from tl i bitructions or inequalities of the 
mrface, to the rolling of the periphery of the wheels, is greater than that of the 
rubbing at the axles ; while on a railway, owing to the smoothness of the 
face, the contrary is the case. According to the experiments made by Mr. 
Stephenson and Mr. Wood, the resistance at the periphery •>/ the wheel* o 
good level railway docs not exceed about a thousandth part of the insis 1 
weight, while the same kind of resistance upon an ordinary turnpike roue], 
according to our own observations, does nut average less than a twenty-fifth part ; 
» forty times thai of the nil way. It is from the reduced amount of this, the 
first mentioned kind of resistance, that railways possess such great advantages 
for locomotion ; for in the second kind, that of the axles, the difference of fric- 
tion cannot be material, nor can the resistance from air, (the third kind,) hi 
all different, presuming, of course, that the opposed surfaces and the v ' 



■e the 






Mr. Palmer, in his description of his railway, justly remarks, that if si 
accurate means of ascertaining the resistance of ramie and railways were on 
occasions used, their improvement would be much advanced. The real value 
of either being then unequivocally compared, the amount of defect could n 
longer be a matter of mere opinion. The proprietor 
"in apparent inferiority ai 



s would then know wlielher 
e from the difference of horses, or difference of a 
cnuistances ; and it would be of great advantage to Introduce a clause in co 
tnrts, which would determine the effect to he produced. The methods by 
which resistance of roads and railways has been ascertained, have not been 
luificiently accurate, or have been too inconvenient for general use. The 
iy nam o meters, which denote the resistance by tlie deglea of (nStetiAon gnwv'wj 
'prioga attached to the carriage, are convenient as uoita\)\e \\\»\t\»p«OL\» 1 'V«& ^ 
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to the wheel! of the carriage, causes them to revolve, Mid to climb 
ma! rack of the large cylinder ; the centre of gravitv ot (he 
constantly made to change its position, and to throw its 
rard aide of the axis of the cylinder, the latter ia comp*. — ~ .-■ 
opelling the vehicle before it, and whatever train may be added to 



j.-t' weight 




llie hinder part. An an example of the utility of this machine, Mr. Alexander 
Gordon states, that he has lately been informed by Mr. Samuel Moyle, that at a 
subsequent date, he had used a large drum of this kind with great advantage, 
for the transport of heavy goods over a swamp, in South America. " Having 
a quantity of plate iron, which was too heavy to carry over otherwise, he rivetted 
the plates together into the shape of a targe cylinder, and carried over heavy 

goods in the inside of it. As the party advanced, this huge machine rolled with 
lem. Having arrived at their destination, the rivets were cut off, and Ihe 
Sates applied to their intended use. Now it will be obvious that a roller 
nd, so far from deteriorating a road, must materially improve it, and i 
not inappropriately be termed a movable TaH-Toad." 

On the 3d of February, 1824, a patent was granted to Mr. T. Burstall and John 
Hill, of Leith, for a locomotive steam carriage ; an account of which was first 
given in the Edinburgh Journal of Science, whence we derive the following 
description. 

" A represents the boiler, which is formed of a stout cast-iron or other suit- 
able metal flue, inclosed in a wrought-iron or copper case, as seen in 
where A is the place for fuel, and aaa are parts of the flue, as seen in 
the top being formed into a number of shallow trays or i-rceptacles for contain- 
ing a small quantity of water in a state of being converted into steam, which it 
admitted from the reservoir by a small pipe. B is the chimney, arising from 
Ihe centre fine j at D are the two cylinders, one behind the other, which arc 
fitted up with pistons and valves or cocks, in the usual way, for the alternate 
action of steam above and below the pistons. The boiler being suspended o 
springs, the steam is conveyed from it to the engines, through the helical p' 
e, which has that form given to it to allow the vibration of the boiler, with 
injury to the steam joints. E is the cistern containing water for one stage, 
(ay 50 to 80 gallons, and is made of strong copper, and air-tight, to sustain n 
pressure of about fiO pounds to the square inch. At e are one or more air-pump^, 
which arc worked by the beams FE of the engines, and are used to force a'- 
into ihe water vessel, thai its pressure may drive out, by a convenient pipe, t 





Tin 



RAILWAYS AND LOCOMOTION. 



connected at one end Willi the piston rods, and at the other 




s are tn e two connecting rode 30, vWtt V*ex ewi» 
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■tructed upon a Kale of three incite* to the foot, which embraced those improve- 
ment!. It was publicly exhibited in Edinburgh, and afterwards in London, 
where it was mad-? to travel round a circle of 17 feet diameter, on an uneven 
deal floor, with a speed equal to about 7 miles per hour. A deal platform, 18 
feet long, rising 1 foot at ihc end (or I in I*) was fixed, which the carriage rati 
rapidly up with nut apparent effort. On the outside of the circle was a deal 
hank which rose 5 in 25, in the cross section, which was used to show that 
there was no liability of upsetting the carriage even by such uneven ground, 
owing to the position of the centre of gravity being very low. The 
representation of this model, on the preceding page, and the description of the 
machine, we extract from the Register of Artt published at that period. "The 
length of the model is 5} feet, and its height 22 inches. The steersman sits 
in front, and by turning a circular horizontal plate c gives the first pair of 
wheels a direction to the right or the left, as may be required. The boiler b is 
of a conical form, and is supported by an iron frame, extending from the second 
to the third pair of wheels. The fire is in the middle of the cone, and the water 
and steam outside. The engines are of the high pressure kind, and the boiler 
is of copper, calculated to sustain ten times the force of the intended working 

Eressure of the steam. Two cylinders are employed, they occupy the bind 
not, and rest on the Bale of the middle wheels; in the model the cylinders 
arc three inches in diameter, and have a three-inch stroke. The cistern is at a, 
whence the water is pumped by the engine, and forced into the boiler; e is the 
induction stasis pip*, i the eduction pipe, leading to the chimney, wherein the 
waste steam being expanded by the heat, escapes invisibly, while it increases 
the draught, and combustion of the fuel. When the writer saw this interesting 
model at work, he was informed by the partner of Mr. Burstall, that it had, 
during the preceding I igbl (lays, rnn as many times round its circular course 
as amounted 1o 250 miles ; and that during all that period it required no fresh 
packing or repair whatever. 

On the 15th of May, 1824, Mr. W. H. James (a gentleman of superior 
mechanical talents) of Bfoningti tin, obtained patents for " an improved method 
of constructing steam carriages;" the chief peculiarity in the arrangement of 
which consisted in adopting separate engines to the gear of each of the propelling 
wheels, instead of actuating them uniformly by the same engine, whether the 
latter consists of one or two cylinders. Mr. James's design was to use very 
■mall cylinders, and work them with steam of very high pressure, so as to obtain 
the utmost compactness, and the least weight that might be practicable. The 
motive of employing separate engines was that each wheel might have a motion 
independent of any of the other wheels, so that their powers or velocities might 
be varied at pleasure, which he considered to be essential in passing round 
curves, or turning corners of the road, because, when a carriage moves in the 
nrc of a circle, the outer wheel moves over a greater space of ground than the 
inner wheel, and would o-iif > ■■ijiii-iiliy render il necessary for the engine con- 
nected with the outer wheel to work so much faster than the engine connected 
with the inner wheel. Mr. James's mode of effecting this operation was by a 
very simple contrivance : he caused the fore axletree to be connected with a 
stop-cock placed in the main pipe, through which the steam passes from the 
boiler to the respective engines ; and this stop-cock was so constructed, that 
when the fore axletree stood at right angles to the perch (i. e. when the 
carriage was proceeding in a straight line) it admitted equal quantities of steam 
to each engine ; but whenever the axletree stood obliquely to the perch (as in 
making curves) it caused the stop-cock to admit a greater quantity of steam to 
the engine connected with the outer wheel, so as to cause that wheel to revolve 
faster, and a diminished quantity to the engine connected with the inner wheel, 
so as to make it revolve slower, in exact proportion to the curve around which 
the carriage was moving. 

Upon roads having steep ascents, Mr. James proposed to employ four engines, 
ir one to each wheel, for the purpose of obtaining a greater degree of resistanct 



e purpose of obtaining a greater degree 
upon the surface passed over: but in roads of ordinary undulations, two engines 
were deemed sufficient ; the wheels do not require to be thrown out of gear, but 
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putiln each off iW fignm. *■ h ibe bctlfr supeaotaf ' 
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h H, which operate by their piston rods upon the cranks ; to these separate 
engines steam is applied from the boiler a a, by means of the pipe i, which 
enters at the stop-cock / into the steam- box m; from this box the steam passes 
into the pipes nn, which move steam-tight through stuffing- boxes; from tlunee 
the steam proceeds through the pipes o o o to the slide boxes }i p ;>, the slides 
being worked by eccentrics q q o, in the crank shafts, in the usual manner, and 
thence to the cylinders. The exhaustion pipes r r lead into the hollow axles n 11, 
before described, in which there arc partitions < .<, lo separate the steam from 




the exit passages, which pass through the said hollow axles to the boxes / 1, 
from which there are pipes u u leading la the chimney n, where it is thrown off 
in a jet, which baa the effect of increasing the draught, and of exciting com- 
bustion of the fuel. The rods x x are attached to the fore a\]e of the nnmim; 
wheels, and also to the two handles of the cock I, so that the fore axle and the 
cock move simultaneously, and parallel to each oilier; ; ; rq>re*(--nt part of the 
frame-work extended, for tying the engine together by means of a bolt, and 50 
as to allow the body of the carriage to have a slight lateral motion upon its 
springs, independently of the engines, by means of the hollow axles sliding 
lori'iisudinully through the stuffing -boxes. 

The principal arrangements in this locomotive engine are ably designed to 
accomplish the object in view ; but the intelligent inventor (owing, we believe, 
lo some pecuniary disappointments) was not enabled to prosecute the under- 
taking of building carriages until some time afterwards. In the interim, how- 
ever, he was engaged in other scientific pursuits connected with locomotion, 
and in the construction of a boiler capable of generating steam of very high 
pressure, with perfect safety : he also occupied himself in the application and 
adaptation of small high-pressure engines to the generating apparatus ; and on 
the 5th of March following he took out a patent for a tubular boiler, which was 
decidedly the most effective machine of the kind that had then been invented. 
It consisted of a series of annular tubes, of .equal capacity and diameter, placed 
side by side, and bolted together, so as to form by their union a long cylindrical 
boiler, somewhat similar in external figure to that shown in Fig. ], but from 
'wing mm\e of small tubes, capable of resisting full one hundred times the pre*. 
ire of an ordinary cylindrical boiler. Tliis excellent apparatus being fully 
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dwcribedin tlie Engineer's Euey. Art. Bc-ilbu, we shall not here extend the 
description, anil have only tu observe that it was with boilers of lhat dcii_rip(io[i, 
and a carriage slighlly modified from the one just described, that Mr. James, 
about two years after, commenced the construction of steam carriages. This 
undertaking, in its progress, promised the most favourable remits, the experi- 
ments that were made demo list rating the certainty of the ultimate accomplish- 
". of perfect success ; hut a failure in his pecuniary resources prevented its 
limitation. Some friends of ours assisted at some experiments made with 



experiments n 
tile first carriage, on the 5th of March, 1829, over a rough -gravelled road ir 
Epjiiug Forest, which it traversed, with fifteen passengers, at a speed varying 
from twelve to fifteen miles per hour. This carriage was exceedingly clumsy, 
having been repeatedly cut and altered, as successive changes wete made in the 
disposition of its parts for experiment, and it weighed, including the machinery, 
rather more than three tons. It had two working cylinders, only 3} inches 
diameter, the power of which was applied to the hind run ni tig- wheels. The 
steam was supplied by two tubular boilers, of the before-mentioned kind, each 
being a cylindrical anuulus of one-inch tubes, 4 feet (i incites long, and 
1 foot 9 inches internal diameter, wherein the fire was placed. During the 
experiments, one of the tubes (which were the common gas pipes) opened in 
its seam, and consequently all the water of that boiler escaped, extinguished its 
lire, and reduced the intensity of the other, there being a communication 
between them. Thus circumstanced, with urdy one boiler in operation, the 
carriage returned home, at the rate of seven miles an hour, with more than 
twenty passengers, demonstrating thereby this remarkable fact, — that a sufficient 
power of steam can be generated in so small a boiler, as to be adequate to the 
propulsion of ab.au -15 tons weight in the common road. 

Shortly afterwards, the proprietors commenced building another carriage; 
but they exm-i-i ■ '■■'■■' difficulty and delay in getting the tubes of a 

suitable quality of metal, and the joints properly constructed ; so that it was not 
until the month of November, 1829, that they brought it out for trial. An 
elevation of tins machine is represented in the following page. As denoted by 
the scale of feet, it was of small size, being designed lo operate as a drag to another 
vehicle behind. The boilers were four in number, and instead of the tubular 
tings being circular, they were made elliptical, with compressed sides, so as to 
get four of them side by side across the carriage. This was done to obtain as large 
a surface of metal as possible exposed to the heat of the furnace, as, by this arrange- 
ment, nearly 200 tubes, measuring upwards of 40LI feet, were enclosed in a space 
four feet wide, three feet long, and two feet deep, including the furnaces, (which 
were inside the boilers) besides the fines and ash-holes. The steam from each 
of the boilers was conducted into one tery strong tube above, of an inch and a 
half in diameter, to supply the engines ; each of the pipes of communication 
to it being provided with slop-cocks, to cut ulf the communication of any boiler 
lhat might become m. serviceable by leakage, without affecting the pressure on 
the other boilers. The power was applied through the medium of lour working 
cylinders, which might be considered as separate engines, being fitted so as to 
work independently of each other, although they might more properly be con- 
sidered as pairs, each pair acting upun a distinct crank, (the throws of which 
were at right angles to each other,) that gave motion to its respective hind 
wheel, on the principle described at page 451. These cylinders were only a 
foot long, three inches and a half outside, and two inches and a quarter inside, 
diameter; the pistons were metallic, and marie a nine-inch stroke. The cylin- 
ders were posited vertically, and vibrated upon trunnions, through which were 
made the induction and eduction passages, covered bv cuical valves, forming 
an external shell to the trunnions, close to their bearings in the plummcr 

These engines were arranged at a, in a row across the carriage The steam, 
after working the engines, passed through two copper tanks, which healed the 
" r therein to such a temperature above boiling as to melt the soft solder 
'' c vessels, and rendered it necesvnr\ V" si'A«Uv.\'ce. \\\wi.wi&.w, 
■led then to the chimney-funnel to c 
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which space across the earrings and also that al if, were for the use of t!io 
man who attended let (lie furnaces and boilers, besides being used as a receptacle 
for fuel : nt the aides, roof, anil bottom of this room were plate-iron shutters, to 
afford constant draughts of air, that the heat might not be insupportable. Tne 

i, like the lid of a box, and at/ ■liding-doon, enabling the engineer to keep 
Ilia eye upon the working parts, mid, by his spanner, and other tools, to rectify, 
if required, any slight delect that might take place ; his situation likewise per- 

mitihii; him tn give directions to the furnace-uian, and to hold connnunicatinii 
-with the guide, who sits on the box g. At h is the steering apparatus, consisting 
of an external co/ie, containing u vertical shaft, at wln.se tipper end is fixed a 
beveled pinion, which is acted upon by a amull becelod wheel, Used into the 
atxts of the double-handled winch i i. By turning these handles, therefore, the 
shaft is caused to revolve, and to give motion to a gear at the lower extremity, 
""which acts upon a toothed sector !., attached to the fore axle-free, and thereby 
turns the fore wheels into the required positions. The lower gear, which ia 
contained in a box k, is adapted to increase the tore; with a reduced motion, so 
"that the guide, who is able in turn the handles i i quickly, operates with great 
«nergy upon the toothed sector, and to overcome with facility the most protni- 
■nent of ordinary obstacles in the road. This guiding action being administered 
"by a multiplying powi r, through tha complex medium ot loot lied wheels, was 
:fbund to be far more effectual and cnnieiiieut than when a long lever of a more 
simple form was used ; besides, that the latter was somewhat dangerous to tha 
guide, who was rendered liable to receive severe blows by the motion of tha 
long handle, when the wheels happened to be turned aside by the opposition 
«f stones laying in the rood. At m is a lamp, not only useful for lighting tho 
load before the carriage, but serving also (as the prow of a vessel to a mariner) 
to steer by. The chimney-funnel was made double, the space between tho 
external ease n anil the internal smoke Hue o being for a current of air to pre- 
vent the otherwise unpleasant radiation of heal laterally. The fuel preferred 
was a mixture of coke and wood charcoal, which produced a great heat, and 
gave but little black smoke. The motion was communicated to the separate 
axles of the bind wheels by spur gear of two velocities, changeable at pleasure, 
as tho state of the road, or oilier circumstances, might require ; this gear was 
enclosed in boxes, shown at h, anil the whole machine was placed upon springs, 
except the guiding apparatus, which was purposely arranged otherwise, as 
exhibited in the engraving. This carriage was only taken out of the yard 
(where it was built] three times: on one of these ocivi: ions the writer accom- 
panied it three miles, which ii. performed in twelve minutes.; after which ajoint 
of the induction pipe failed, through which the steam escaped into the air 
instead of entering the cylinders ; this accident, of course, soon brought tho 
carriage to a stop. Every person who witnessed this experiment was perfectly 
convinced of the feasibility of the scheme, and that nothing was wanting hut a 
little more experience in discovering and remedy ins; tlie weak points, which 
practice alone could effect. The patentee was not, however, afforded the oppor- 
tunity of obviating the defects he had discovered in some parts of his arrange- 
ments, from the want of that support which other men of less talent, but more 
assuming conduct, easily obtained hi abundance. One of these defects consisted 
in crowding the engines and machinery into too small a space, which, while it 
rendered accurate tilting and repairs ilillieutt, occasioned some parta lo be 
brought into violent collision by I he vibrations of (he carriage over a stony road. 
Another great defect, (which was about to be altered) consisted in the iron ring 
or tire of tho wheels being only one inch and a half vide ; in consequence of 
'lich, the wheels sank into the ground at least twice the depth of others, having 
of double the width : tin acclivity was thus constantly formed before the 
Is, which they had either to ascend, or to crush down, causing, in either 
a considerable waste of power. Much ground, it may be observed, that 
esist compression entirely from a broad wheel, and allow the carriage to 
iter it easily, will give way under a narrow wheel, and so raise up a eon- 
oppoition to its own progress. The chief disacoi tveAa^es rf: taoai. "Cwci 
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wheels consist in (heir superior weight, and their greater liability to el 
loose stones lying on the road. Tile narrower n wheel it the better, provided 
it does not leave on impression on the road ; hut as wheels should be mado t.i 
suit all tlje various conditions of the road on which II. e carriage had to travel, 
u medium between the extremes should be chosen, which is probably about 
three inches' width of tiro to every half ton that a wheel has to bear. It may 
be further noticed, that in every experiment made with this carriage, those parti 
which exhibited a defective action could always be traced to an evident cause; 
and although the remedy was alio rendered obvious, it could not always be 
can-led 'into effect without considerable delay and expense, which, to the 
capitalist who is ignorant of mechanical combination, was naturally dis- 
couraging. It will, however, be generally found, that those individuals who 
have had the most experience in urn In lairing) of 0u» kind, have never dis- 
covered, in the obstacles that have hitherto presented themselves, any thing of 
an insuperable nature, as to its ultimate success. 

The next attempt to eim.-tmet locomotive carriages for the common road, was 
by the late Mr. David Gordon, whose patent was dated the 18th of December, 
1 S24. 'Hie means proposed by this gentleman for propelling, was a modification 
of the method invented by Brunton, and descrihed at page 31. But instead 
of the propellers being operated upon by the alternating motion of the piston- 
rod, Mr. Gordon contrived to give them a continuous rotatory action, and to 
apply the force of the engines in a more direct manner. The following cut 
affords an external view of one of Mr. Cordon's designs, in which the patented 
mechanism is introduced. The carriage ran upon three wheels ; one in front to 
steer by, and twu behind to bear the chief weight. Each of the wheels had a 
separate axle, the ends of which had their bearings upon parallel bars, the 
wheels rolling in a perpendicular position. This arrangement, by avoiding ihe 
usual cross axle, affords an increased uninterrupted space in the body of the 
vehicle; and was the subject of an antecedent patent granted to Mr. Gordon. 

In the fore part of [lie carnage were placed the steam engines, consisting of 
two brass cylinders, in a horizontal position, but vibrating upon trunnions : the 
piston-rods of these engines gave motion to an eight-throw crank, two in the 
middle for the cylinders, and three on each side, to which were attached the 
propellers ; by the revolution of the crank, these propellers or legs were succes- 
sively forced outwards, with the I'cet of each against the gri.eiud in a backward 
direction, and were immediately afterwards lifted from the ground by the 
revolution of another crank, parallel to the former, and situated at a proper dis- 
tance from it on the same frame. The propelling-rods were formed uf iron 
gas tubes, filled with wood, to combine lightness with strength. To the lower 
ends of these propel! iog-rods were attached the feet, of the form of segments of 
circles, and made on their under side like a short and very stiff brush of whale- 
bone, supported by intermixed iron teeth, to take effect in case the whalebone 
failed. These feet pressed against the ground in regular succession, by a kind 
of rolling, circular inoiiuii, without digging it up ; and it must be acknowled ' 
that Mr. Gordon, in these contrivances, succeeded in avoiding the ii 
effect upon the road that would otherwise have been caused by ll ' 
propelling. The guide bud t!.e power of lifting these h 
pleasure, so that, in going tiuivn bill, when the gravity wi 
siuu, nothing but a brake was put into requisition to 
necessary. If the carriage was proceeding upon a level, tl 
pclicrs was equivalent '" the subtraction of tie 
siopjiaeje ; an.: in in:. lung turns in a lomi, Ihe nu.ile I 
pel'lcts'i >n one side 'it" the carriage, and allow t ollic 
the cure is traversed. 

The following engraving represents a s 
end of the boiler ; 6 the flue ; c an »P9MF 
fire and regulate the machinery, whjO** 
coke, &c. i d external cauneeting-rc^M 
actuates '.he nriving cranks of the pr 
carriage; s being the axis of the V J 
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The nest invention in the order of time that: present!! itself to our notice, is 
one possessing considerable ori^inoliry ; ami though it lias not been carried 
into effect, it contains Bonis ingenious and amusing sn^e-estions, that have 
formed the ginundwek of subsequent inventions. It is the subject of 3 
patent granted to William Francis Snowden, of Oxford-street, London, on 
the IRth of December 1824, For a " new invented wheel-way and its carriages 
for the conveyance of passenger*, merchandise, and other tilings, along roads, 
rails, and other ways, cither on n level or inclined plane." 

The specification describes tin; invention under two distinct heads ; the first, as 
respects then In elway, ex pin ins i! as consislie.g nf:i hollow trunk with a platform 
of iron on the top for waggons or oilier carriages to roll upon ; inside the trunk is 
placed a machine, called by the patentee a mechanical horse, to which is con- 
nected a toothed wheel, that is made to revolve in a horizontal plane, and to 
lake into the teeth of a horizontal straight rack fixed en one side of (he hollow 
trunk. The vertical axis of ihe horizontal tneilied "heel passes through a lon- 
gitudinal opening in the wheel -wiry ; above which it is connected (o a locomo- 
tive steam-engine, and i' rlclualoil [hereby : I'oivu.'li ilie medium of hevil geer 
the motion thus communicated to the latter by the engines, is applied by ihe 
vertical axis to the horizontal wheel of the mechanic*! horse, inside the hollow 
trunk ; and as (lie hovizoiiial wheel is peered into the toothed rack, which is 
fixed on one side of the trunk, [lie mechanical hnvse of necessity moves forward 
with the same vehvily as the horizontal "heel is made to revolve by the power 
of the engine. Those to whom our literal description may not be clear, will 
understand it by (lie annexed figure, which affords a longitudinal section of lha 




mechanical horse, and the hollow trunk or wheel-way. a is n vibrating cylin- 
der, and b the boiler of a locomotive engine, by which the bevil geer e d is 
actuated, and through the medium of the vertical axil e, (lie horizontal toothed 
wheel / which takes into a toothed rack g ; the mechanical horse A ia made lo 






and to take with it the engine and the t 



i of 



waggons 



that may be in connexion, hi to is the wheel-way, and tl the hollow trunk. 
As the top of the wheel- way is supposed lo he flat, and the carriages without 
lateral flanges lo their liie.s, it is proposed to guide the carriages by means of 
tongues like that at i, which cutets the longitudinal aperture, and which may 
he provided with an antifriction roller to prevent lateral tubbing. The inventor 

E reposes to adopt a similar arrangement to the foregoing for the towing of 
arges, by erecting his patent wheel-ways by the sides or hanks of canals and 

The second head of Invention under the patent is of a more singular charac- 
ter, and however preposterous it may at first appear to those who have not con- 
sidered the subject, it is in reality by no means absurd in principle, nor in the 
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r of the propositi™ ; bul we will first describe it, mid oiler Wiirdf! make 










Instead of placing horses tmlsldc of a carriage to give it motion, the patentee 
t»ucs them msitfe lor lli.'.t [niqioae ; Mid hia reason fur doing this, that of Ln- 
^rea*ing tlie force or velocity, will to many appear to be quite n* ™*4tfflm.A. 
the above Fig. 1 affords a perspective view f a machine of Aus Via.4, wv& 
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, being joked to tbe tan opposite extremities of a 
horizontal lever, that tnnu a vertical uo, to which a connected multiplying 
gear that cunt* the mechanical hone in the hollow trough, and the car- 
riage above, to more at an; predetermined Telocity of motion; the horses, 
however, continuing to more at that slow pace (of about 2] miles per hour), 
by which they can most efficiently exert their force. Tbe diagram marked 
F\g, 2 a explanatory of these motions ; g g are two yokes, to which the 
horses, being attached, give motion to the horizontal lerer and the vertical 
■ball h, on which is also fixed, close under the floor of the carriage, a large hori- 
zontal spur-wheel i ; the revolution of this wheel actuates a pinion j, which pinion 
being on the same spindle as the toothed wheel on the mechanical horse, which 
takes into the rack, causes the carriage to advance at about four times the 
velocity of the horses, or at ten miles an hour. Mr. Snowden calculates ths 

rserof an average horse, in drawing a load, at the rate of 2J miles per hour, 
four hours a day, as equal to the constant force of a weight of 250 pounds, 
when drawing in a straight line : if the speed of the horse be doubled or in- 
creased to 5 miles per hour, his power of traction will be reduced to only 50 
Cndi; and if the speed be again doubled, or made 10 miles per hour, the 
m can do no wotk whatever, except through only a very short space of lime. 
The slow motion, therefore, is by far the must favourable mode of applying ihe 

Slower of a hone ; and although the contracted circuit of a mill-walk is un- 
uvourable to the full exertion of his powers, Mr. Snonden estimates that a force 
of about 200 pounds may thus be obtained. Ol this available force he pro- 
poses to Nncriflcc three fourths, by means of multiplying gear, into velocity ; 
anil tliiiiciinblc each home to give out, in effect, a force of 50 pounds at 10 
miles per hour; ivhtrcna, if the horses were to move themselves at that velocity, 
they would he totally ineffective. If, therefore, we consider ttco horses to 
bestow a force of 100 pounds, and that the resistance on the patentee's wheel- 
way is no mure than that of the Manchester and Liverpool railway, namely, 
I in 240, we have 100 x 2-10 = 2-10O0 lbs. propelled by two horses, at the rate 
f 10 miles an hour. Hut the friction of such machinery must be c Cii"i »i cl l- r-'ilj 1 y 
..sore than I in 2-10, and the above -estimated force of a horse moving in a circle 
of 10 /bet diameter, is probably much, too V\gh. Lev \ia dttteforc suppose the 
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useful effect to be only half, reducing il to 12000 lbs. The popular objection to 
this plan, is the apparent absurdity of the horse having to carry his own weight; 
but tills objection equally applies to the steam engine, or any other locomotive 
power: the whole question, however, resolves itself into one of convenience 
and economy, as applied to particular eases and circumstances, which we can- 
not here discuss ; and as we shall have occasion, in our account of Brandreth s 
Cyclopede, to notice the subject again, we shall here conclude with the remark, 
that wc believe it is worthy of the consideration of the machinist to devise the 
most perfect locomotive machinery, for converting the force of a horse at a slow 
motion, into a higher velocity with a diminished force. 

To enable locomotive carriages to ascend steeper inclined planes than had 
heretofore been considered practicable, and likewise to enahle the carriages and 
trains to wind round curves in the - road, without the severe friction and strain- 
ing to which they had beet: previously subjected, was the object of a patent 
granted on the 5th of March, 1825, to Mr. W. Henry James, of Birmingham, 
whose common mad locomotive is described in the preceding pages. This in- 
vention has not, we believe, been carried into effect on the great scale ; but we 
have been credibly informed, that the most satisfactory proofs have been afforded 
of the ability to effect this, by repeated ttials on a railroad more than a hundred 
feet in length, laid down for the purpose of experiment, on which it was found 
that a train of carriages would (with the patentee's machinery,) ascend inclined 
planes three inches in the yard, which is equal to 440 feel in the mile. This 
important advantage is gained by applying the power to the axletrees of the 
wheels of the several carriages in the train, by means of the rotation of a long 
liorizoutal rod (or series of connected rods), actuated by bevel gear under each 
carriage. 

An ingenious plan has also been proposed by Mr. James for enabling the 
•arriages on a railway to pass around turns or curves in the road, without addi- 
tional friction. For this purpose, the horizontal rotatory shafts, which cause 
«aeh pair of wheels in the train to revolve, and propel the carriages forward, are 
connected together by a novel kind of universal joint, which communicates tho 
rotatory motion to each successive carriage, even if so placed on the curves of 
tbe roads, that the sides of one carriage shall present to the side of the next an 
angle of thirty degrees. To cause the carriage wheels to run round the curves 
«f the railway, without the usual dcstrue.tivo rubbing of !;n ii surfaces, the rails 
in those parts are made with several ribs or elevations, and the wheels of the 
-carriages are roiiswjiiuiilly iormed ;o coiTcspoml wi'li th-we ribs, by their peri- 
pheries being grooved in like manner; so that a wheel, in effect, possesses as 
many diameters as there are variations in the surface of its periphery, by which 
means it may be made to travel faster or slower, as may be desired. 

The following engravings will render these plans intelligible to the reader. 
a is the boiler of a steam-engine; ft the engine with two cylinders, the alter- 
nating motion of the piston in which give* rotation to the crank c above; the 
rods e e, attached to the same, being also fixed tu the crank of the horizontal shaft 
~*fff (which passes under the carriages), causes that to revolve with a similar speed 
to the crank of the engine. Two square boxes, gg, are fixed under each car- 
riage; through these tho axletrccs of each pair of wheels pass; the rotatory 
shall, f passes also through the boxes above the axletrees, and at right angle* 
with them ; each of the boxes gg contain a double-beveled horizontal wheal, 
which presents a circle of cogs in its upper as well as its lower side, and turns 
upon cross bearings : now the shaft f carrying upon it a vertical beveled 
pinion in each box, takes into tho upper circle of teeth of the horizontal wheel, 
while the under circle of the teeth of the same actuate a beveled pinion on 
111* axietiee underneath, consequently compelling tbe wheels to revolve ; and the 
power being thus applied tu every pair of wheels simultaneously, sufficient 
resistance is obtained, on a smooth surface, to ascend inclined planes of con- 
riderable elevation, it k it a are the universal joints, which communicate rota- 
tory motion when the carriages are not in :i straight line; die.se, and other 
moving parts are distinctly shown in Fig. 2, whiuliis vvuun aVvuget &ca\e. jj'vs 
the rotatorc shaft; gg tbe two boxes, with the front y,Wea moxvo,, to i\wsw 'Or* 
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to tlw floor of ilw carriage by Wge-jointsi ■■. Then 
al joint* ■ * ■ also man clearly shown in this figure. 
Wehave Bo* to describe the coulm-mces by which the patentee proposes to 
obviate tbe destructive effects of tbe nibbing or sliding of the inner wheels of 
carnages in making curves or lores in ■ round. If the wheels on one side of a 
carriage be larger, or of greater diameter than those on the opposite aide, such 
carriage, wben propelled, will net t warily make a curve. On this principle 
the patentee'* contrivances are founded. In running along a straight line, the 
peripheries of the wheels are of equal elevation ; but when the carriage has to 
make a turn, the wheels on one side rail on a greater diameter, or mora extended 
periphery, while the wheels on the opposite side run on a less extended peri- 
phery, and the elevations upon the rails on which they run are so adjusted to 
these variations, that the different peripheries of the wheels change and come 
in contact with the variable parts of the rail, and run round the curves without 
any increase of friction. 

A suspension railway, which in some respects reseiuliles Mr. Palmer's, 
described at page 58, and, in other respect*, Mi. Snow den's, described at page 
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9 patented by Mr. J. G. Fisher, on the 2d of April, 1825. This gen- 
i, it will be observed, suspends bis carriagi i to ■ double line of rail ; in 
this respect, however, be was amhipat,:d in iilm L v Mr. Palmer, who, in his 
little interesting book, entitled, Deseriptk"! of n ilnilwaii upon a New Principle, 
■s, — " to elevate two lines of rail for the purpose of supporting a carriage, 
could not be done at a sufficiently moderate expense; I therefore endeavoured 
to arrange the form of a carriage in such a manner (tint it would travel upon a 
single line of rail williuul lb:.' jinisihiiicy J overturning." Nevertheless, if an 
inventor can succeed in carrying into heneficial operation, that which was 
thought of by another as ineligible to attempt, he is entitled to respectful 

jut originality, and, with some modi- 
„ situalions. The chief object is stated 
:o he the throwing of a railroad acrois rivers, swamps, &c. ; and the means pro- 
posed of effecting it will he readily perceived upon inspecting the following 
diagrams, and referring to the subjoined explanation of them. 



I 




Fig. 1 is a side view of the proposed rail, attached by vertical rods to a chain 
of bars, which form a catenarian curve ; Fig. 2 is a similar view, bill giving 
only a portion of F'uj. 1 on a larger scale ; Fig. 3 is an end or sectional view 
of Fig. 2 ; Fig. 4 is also a sectional view, but of another form of rail, which we 
■ball describe lastly. The letters of reference denote similar parts in each of 
the figures, a is the rail, made of a tout cast-iron plates, of uniform dimen- 
sions, bulled trie, i 1 1 it. bavin;: a horizontal projection, or plate, h b, on each side, 
for the wheels of the carriages, (/ d, to run upon (seen best in Fig. 3) ; //shows 
the frame of the carriage : the manner of construcling the wheels on either 
side of the rail, in pairs, is exhibited in Fig. 3, and the mode of joining the 
ftonl with the hind pair of wheels, in Fig. 2. Iron rings, gg, pass through the 
centres of the lower parts of the carriage-frame, to which are suspended the 
boxes or receptacles for holding the goods or passengers, one of which is shown 
attached at A, Fig. 1. The loops or holes in the upper part of the rail a. Fig. 2, 
are, of course, for the convenience of boiling it to the suspension bara, as seen 
connected in Fig. I. Each of the bars is to be provided with a wedge or sere*, 
adjustment, so as In regulate the uniformity of the plane when anv part ainka. 
To give an idea of the other form of rail, the acetion Fig. 4 is sufficient. Here 
it will be seen that the rail (if we may so term it) is of the form of a square 
tube or hallow trunk, i i, with nn opening or slit on the lower side for the bar j 
(which is fixed to the axletree of the carriage) to pass through, for the purpose 
of being connected to a box or receptacle underneath. This sipiare rasi-iron 
trunk, or rail, is to he suspended, as in the previously described rail, to a chain 
of iron bars or wires, drawn nearly tight, so aa to form a catenarian curve wlun 
stretched over the place to be crossed. 

The mode of nrojitJJuig (lie carriages is, wc Relieve, mAstftAoi 



LM 



: 



ICO RAILWAYS AND LOCOMOTION. 

i, but we understand it ii to be performed, when the crossing of ri 
ci is the object, 1) j 1 elevating that end in which the carriages are placed, 
and letting them line! their way lo the other end by their own gravity. By 
tucli a proposition, it is probable tliat the patentee dues not intend it Tor any 
extensive work, as the means proposed of producing motion are applicable only 
to such case* as we have mentioned. 

A« it is i ud is pen sable that carriages which have to run upon edge railways 
should be provided with wheels that have lateral flanges upon their peripheries 
lo prevent them from running oft" it; and as such projecting flanges render 
them inapplicable to carriage) on the common rood, into which they would 
make deep destructive incisions, if drawn or propelled over them, it necessarily 
became of importance to contrive such a wheel, or periphery of a wheel, as 
would run without detriment on either road or rail. In rummaging over the 
dusty parchment- rolls of Chancery, we think we have noticed several methods 
of providing for this object ; but that which appertains to our present chrono- 
logical position is the subject of a patent granted to It. W. Brandling, Esq., of 
Newcastle-upon-Tyne, on the 12th uf April, 1835. The wheels he uses for this 
purpose have tires, provided, as it were, with two peripheries or external circles 
of different diameters. Thus, upon an edge rail, the periphery of the smaller 
diameter of the tire runs upon it, and the larger diameter becomes the guiding 
flange to keep the carriage in its course. And when the same are run upon a 
common road, the larger diameter only comes into opcralion, keeping the 
smaller diameter clear of the ground, unless the latter should he in a soft state, 
when it will tend to keep the wheel from sinking deeper in the road. This 
patentee has likewise included in his specification some plans for making turns 
or curves in the roads, by means of projecting ribs on the surface of the rail of 
different elevations, with wheels designed to correspond thereto ; hut as in these 
contrivances Mr. Brandling was anticipated a few weeks prior by Mr. W. H 
James (already described), we shall not here enlarge on the subject. 

In the invention patented by Mr. Thomas Hill, Jun., of Ashton-under-Line, 
dated the 10th of May, 1825, that gentleman proposes to construct a steam- 
carriage equally adapted to run upon edge-rails, tram-plates, and the common 
road. For this purpose he makes the guiding flanges removable at pleasure "by 
the withdrawal of bolls, by which they are connected to the fellies of the wheels. 
Another equally sagacious metmtion consists in making the running wheels of 
the carriage revolve loosely upon a fixed axhtrce, which, when applied to rail- 
Ways, he considers to be a new and useful invention. This is, however, a mis- 
take, as they have been so used, but were abandoned on account of their 
unsteadiness, and other defective action. A third contrivance is to lock the 
fore-axle to the perch, to prevent its turning round when upon a railway, by 
hi ■!..:■ staple entering loops or eyes. A fourth invention consists in 
making the rails of tubes instead of load bars, to save metal, and obtain strength. 
I. ,■.■!■; i i-i i; i i- ppaadages or alterations to steam-carriages and 

railroads, for the description of which we must refer the reader, who may want 
" further particulars," to the enrolled document. 

We have now arrived at that period of our narration, (the 11th of May, 1825 J 
which, according to Dr. Lardinr, " is before all others in poiut of time," when Mr. 
U olds worthy Gurney made his debut in the field of locomotion ; when, hy the 
" original conceptions of his mighty genius " (or the aid of a very large sub- 
scribed capital), he commenced building those ileam -carriages, which, after 
several years' labour of numerous clever workmen, were occasionally brought 
out of the yard of the factory, and bowled a lew yards about the beautiful roads 
in its vicinity (the Regent's park). Such events, occurring as they did, when 
there was " no war, but few murders, and parliament up," were a positive trea- 
sure to the newspaper press : hence the columns of the latter were swelled 
with abauid and putting accounts of " Mr. Gurney 's celebrated invention," and 
nearly all the world were taught to believe that the important application of 

to locomotion originated with Mr. Gurney. To show t' ' 

!1 -Jin ii ill i'iI. we shi.ll plaee the twin: I iLcis, as we have l.iili 
der, who nil! judge for himself. 
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ITw first potent granted to this gentleman was of the be fore-mention 
and was entitled " a new invented apparatus for propelling carriages on < 
roods or railways." The specification, which was enrolled in November follow- 
ing, is thus reported in the London Journal of Arts and Sciences, Vol. XIII. 

" The mode of propelling carriages on roads and railways, proposed by the 
patentee, is by the agency of moving legs, or crutches, striking 01 * * '' 



carriage to move forward in the opposite direction. Similar con 
this, have been repeatedly suggested. The patentee, therefore, is to be consi- 
dered as merely adopting this plan aa one that he considers moat convenient; 
and claims as his invention timply the guide rollers attached to the legs, 
upon which the carriage moves forward. The annexed figure represents the 



or main-beam of the carriage ; b the working cylinder of the steam-engine, 
which in this instance lies nearly horizontal, and is supported in standards upon 
pivots ; c is the piston rod of the engine, with a small guide roller running 
upon the stationary block d. The pistol * ' '* 

ting lever e, from which lever a chain e: 




Mock of, and its ends are made fast to the other vibrating lever/; consequently 
these two levers acquire reciprocating motions from the action of the piston 
rod. At the extremity of the crane's neck g, the two oscillating levers A A are 
suspended, and these being respectively attached by connecting rods ii to the 
levers e and/, move simultaneous! v with the last-mentioned levers as the piston i 
of the engine works to and fro. The lower ends of the levers A A are attached 
' by joints to the horizontal rods kl, and these rods are connected to the sliding 
blocks which move the legs or crutches m «. The horizontal rods k I, and also 
the blocks which carry the legs, slide along in rebated grooves, formed in the 
under side of the perch a, which grooves are represented by dots, and a portion 
of the Bide of the perch is removed in the figure, to show oue of the blocks a with 
its rollers within. The block o has small vertical wheels, or anti-friction rollers, 
by which it is enabled to run freely along the rebate or ledge of the groove ; it 
hat also small horizontal rollers, to prevent the block from rubbing against the 
sides of the groove. In the under side of each of the Mucks, a pin p is fixed, 
which is intended to pass through the top of the legs M or », and a small helieJ- 1 
spring it placed upon the pin, and secured by a sew* naft, tat ft>* V**?** 
keeping up the lop of the leg against the under sA4e irt 'fce -at*™' «* 
aSbrdbig it gome degree of piny. By the action rf ftie stom-en»Wi «■ 
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other mechanism connected thereto, the blocks o are made to slide reciprocally 
to and fro, along the grooves of the perch, in the mantlet above described ; anil 
supposing one of the Tegs or crutches to be brought into the situation of m, the 
foot will lake hold of the ground, and remain stationary, while the force of the 
machinery pressing against it, will cause the carriage to slide forward, and the 
leg m to assume the situation of n ; while n will be advanced into the situation 
of in, and viceverid. Tb.ua by the reciprocating movements of the machinery, 
the carriage will be progressively impelled forward by the crutches or legs. In 
order to turn the carriage round corners or angles in the road, the axle of the 
hinder wheels is made to move round horizontally, upon a central pin, by means 
of a strap or other contrivance applied at q. By this strap and a suitable handle 
or lever, the conductor guides the course of the carriage in a straight or curved 
direction. The mechanism by which these blocks and legs arc to be moved, 
may ha varied in several ways ; lor instance, in place of the levers above 
described, endless chains or cards may be employed, passed over pullies, and 
attached to the blocks instead of the rods /■ /. Other parts of the apparatus, 
may likewise be varied in their detail, without affecting the principle." 

The patentee sets out the particulars of his invention in the following words: 
" I claim the use of a roller or rollers, wheel or wheels, to the upper ends of my 
■aid propellers, re-acting against a straight and smooth rail or plane affixed 
under and being a part of the Oattinge, Hlah nil or plant being parallel, or 
nearly so, to the soles or bottoms of the carriage- wheels, whereby the carriage 
itself is enabled to be rolled over the upper ends of the said propellers, crutches, 
or feet, by the mechanical power employed." 

By this claim the patentee sums up the entire of his invention, and it consist* 
of "a roller" applied to the invention of William Brunton, which had many 
years before been ti'u:nl !■.■ ri:- useless, [i is :\.A\ move remarkable, that even 
the very " roller" or " rollers " were employed by Brunton in one of the modi- 
fications of his machine, as exhibited in F'uj. i of the speciti cation, and given in 
Vol. XL. of the Repertory of Arts. 

We ought not to omit to state, that Mr. Gurnoy took out a patent at the same 
■HHnentoW period u the farmer, Foi i steam, generating apparatus, which is 
faithfully described and illustrated by figures in. the 13th vol. of the London 
Journal of Arts. It consists of two dilfcrent modifications ; one of them showing 
a boiler made of tubes bent into the form of the figure 8 ; antl the other exhibits 
in its cross section a circle surmounted by two crescent-shaped chambers. We 
shall only notice those points winch are claimed by the patentee as peculiar to 
bis invention. The jirtt is, "the employment of wire-gauze to assist in con- 
ducting the heat" This was previously recommended in all the scientific 
periodicals published about that period; but its obvious inapplicability to high- 
pressure boilers, caused the practical men of the time to leave it to the philo- 
aopliical experimenters from whom it originated; and Mr. Gumey soon found 
himself compelled to yet rid of tills origami part of his invention. The second 
point is, " the formation of a boiler of tubes bent in peculiar curves." A 
reference to the specification will show that the meandering of the patentee's 
tubes causes them to describe every variety of curve; consequently, whatever 
bend or twist a boiler-maker may choose to give his tubes, must be an invasion 
of " Gumey's principle !" Third, " the forming of partitions between plates, to 
form distinct chambers." This refers to a miserable, absurd, and useless imita- 
tion of James's cylindrical boiler of tubes ! Fourth, " separating the steam 
from the boiler in a vessel placed contiguous." This boasted improvement of 
-- "-iparators" consists in placing a steam reservoir in a cold instead of a hot 
■n! fifth, " increasing the intensity of the furnace, and consuming the 
smoke by means of a blowing apparatus." For the effrontery of this claim it 
would be difficult to find a parallel! Sixth, " cleaning the inner surface of the 
twiler fruni incrustation by a chemical solvent." What! may none of his 
Majesty's lieges but Mr. Clurney employ the usual chemical solvents to dissolve 
t well-known substance, wherever they may have occasion to do so 1 Expe- 
ienced men will bear 01 out in the observation, that such processes as are here 

'■ itcd, were long before exploded as worse than useless. On this interesting 
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method «■ 

to be attended with diiiiculty in (lit- hands of common workmen, Mr. Gurney 
was persuaded to adhere to it by the late Or. Wollaston, until experience 
proved (he impossibility uf yetting it effectually performed, under the circum- 
stances in which boilers are commonly used. Mr. Gurney then adopted a. 
method of removing it by mechanical means. Opposite the mouths of the 
tubes, on the other side of the cylinders, are placed a number of holes, which, 
when the boiler is in use, are stopped by pieces of metal snvived into them. 
When the tubes require to be cleaned, these sto]ipers are removed, and an iron 
scraper is introduced through the holes into the tubes, which, being passed 
backwards and forwards, removes the deposit," This extract proves that Mr. 
Gurney not only abandon.'!! his " tubes bent into peculiar curves,' but likewise the 
" chemical solvent," which constitute i ■ ■ :'■ . ■ .■■.■.'■'■ 

claim is for " an apparatus for regularly supply in a the boiler with water," which 
was to be done by tin tamiliar y.t exploded mode of working simultaneously 
by a connecting rod, two cocks situated on the opposite ends of a water 

Having thus waded through, as quickly as possible, the materia as well as the 
medico of this "happy series of inventions, ' as they were denominated by a 
celebrated writer in the Timet Newspaper, it is natural to inquire what became 
of them. Hitherto we have never met with, nor ever heard of, n single con- 
trivance of Mr. Gumey's tliat was ever brought into permanent use, or had the 
slightest effect in advancing or improving the an of steam locomotion. It is 
unquestionable that many steain-earriap.es were built under his orders; but so 
have many more been built, before ami afterwards, by the expenditure of less 
money. Wc have seen what Mr. Gurney has claimed for himself in his speci- 
fications ; that most of them were of too puerile and absurd a character to 
deserve even a trial ; anil that the remainder were notoriously lung before his 
time publicly in use. Surely a man who could descend to such gross quackery 
would not have omitted to claim something really beneficial in locomotion, had 
he invented it. 'Hie inference is unavoidable.-,— that Mr. Gurney had no more 
to do with the invention of steam-carriages, than he had with the building of 
St. Paul's Cathedral. After the expenditure of many thousands of pounds, he 
brought out one of his manufacture, towards the close, we believe, of the year 
1827. We shall annex a popular description of this carriage, which is 
extracted from a weekly journal published at that time. 

" The carriage is constructed fur accommodating sis inside and fifteen outside 

rengers, independently of the guide, v.lio is also the engineer. In front of 
coach is a very capacious boot, while behind, that which assumes the 
appearance of a hoot, is the ea'e tor the boiler and the furnace, from which no 
inconvenience is experienced by the outside passenger, although, in cold 
weather, a certain degree of heat may be obtained, if required. The length of 
the vehicle, from end to end, is l.j feet, and. with the pole and pilot wheels, 20 
feet. The diameter of the hind wheels is 5 feet; of the front wheels, 3 feet 
9 inches ; and of the pilot wheels, 3 feet. There is a treble perch, by which 
the machinery is supported, and beneath which two propellers, in going up a 
hill, may be set in motion, somewhat similar to the action of a horse's legs 
under similar circumstances, wiiieh assi*l in fcreiiiL' the carriage to the summit, 
"In descending a bill, there is a break lived en the hind wheel, to increase the 
friction; but, independently of this, (lie guide has the power uf lessening the 
farce of the steam to any extent, by means of the lever at bis ri^ht band, which 
operates npon the throttle value, and by which be may stop the aclion of the 
steam altogether, and effect a counter vacuum in the cylinders. By this mean* 
also he regulates the rate uf progress on the road. There is another lever by 
which he can stop the vehicle itmtanter, and in a moment reverse the motion of 
the wheels, so as to prevent accident, as is the practice with the paddles of" 
steam-vcsssela. The duty of the guide, who sits in front, is to keep the vehicle 
proper courte, which he does by means of the pilot wheels scting upon 
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" Tin? total weight or the carriage and all it* apparatus id eitimsteil a 
and a half ten, and it) wear and tear of the road, as compared with a c:.i 




drawn bv Font horses, as one is to mi. The engine 1 
™ay be increased to sixteen : the actual power in 
l) eight horses. 
ig. 1 gives a side view of the 
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»hom the whole ma nage men l of the machinery and conduct of the carriage is 
entrusted. Besides this num., a guard will he employed, whose duty it will be 

'« Wk after the luggage and passengers ; b the bundle, which guides the pole 
*nd pilot wheels ; c the pilot wheels ; d the pole ; c the lore hum, fur Uiypni;c ; 
/the tlirnluV valve of (lie main sleam pipe, which, by means uf the handle, is 
"peued or closed at pleasure, the power of tlie steam and the progress of the 
C; ')Tiiige being thereby regulated, from one to ten or twenty miles per hour ; g 
"wt tank for water, running from end la end, nnd the full breadth of the car- 
na Ke; it will contain sixty gallons of water; h the carriage, painted elnrel 
r "leiir, and lined with eluili it' the same hue, capable of holding six inside and 
f""clve outside passengers; i the hind boot, containing the boiler and furnace; 
lr '■* encaged with slice! hen, anil I *: Iw eel i tie pipes the coke mid charcoal arc 
P% the front being closed in the ordinary way (as seen in Fig. 2), with an iron 
™or. The pipe^ extend IVoui ;ln fyHinhk-al reservoir of w 
'o tile cylindrical chamber tin- steam at the top, forming a 
something like a horse-shoe turned edgeways. The steam enters I lie ' separa- 
tors ' through larfje pipes, and is thence conducted to its proper destination ; k It 
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Hi- is one between each perch; q valve motion, ad mi Mine; strum alternately to 
eachside of the pistons; r cranks operating on the axle; at the ends of the axle 
lire ratchets which, as the axle turns round, catch projecting piece) of iron on 
the boxes of the wheels, and give them the rcliii'iry motion- the hind wheels 
only are thus operated upon ; i propellers, used as the carriage ascends a hill ; 
( the drag, which is applied to increase the friciivn on I ho wheel in going down 
a hill; this is also assisted by dinijjii-lnny the preemre of the steam, or, if 
necessary, inverting the motion of the wheels ; a the dutch, by which the 
wheel is sent round ; v the safety vain 1 , which rci/ulai.-.- tin- propi-r pvossino of 
the steam in the pipe ; ir the orifice for filling the (.ml; ; this is dnneby means 
of a flexible hose and a funnel, and occupies but a few seconds. Fig. 2 exhibits 
a hack view of the carriage, and the perches that support the machinery, not 
here introduced ; a the furnace door ; e gauge cock ; d blow cock ; e e steam 
pipes; // Hues to turnaee ; gg the pipes tjnvuji which the water is propelled 
from the separators k h into the boiler. 

In October, 1825, Sir George Cayley, of Brompiun, in Yorkshire, obtained 
letters patent for a locomotive apparatus on the same principle an Mr. Barry's, 
described at page 77, MM somewhat differently applied. An elevation of this 
machine is given in the following cut ; a a represent a side view of the fore and 
hind running wheels of the carriage, the axle trees of which are made fast to the 
inclined ends of the waggon box b; each of the two pair of wheels have deep 
grooves e c in their peripheries, and into these a stout endless chain dda 
passed around, so as to connect the fore and hind wheels together on the oppo- 
site side of the carriage. To show the groove •■, one of the wheels is represented 
with one of the side flanges removed. Each link of the chain carries two per- 
pondirular anus, which serve as the carrier or bearings to a small roller et, 
which revolves at right angles to the running wheels. These rollers, which 
form a continuous series on both sides of the carriage, come successively in con- 
tact with the ground as the machine is niun-d in its course, and step over the 
obstacles that may lie in their path. But in the case of any of the rollers 
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alighting on a prominent stone, which miplil cause an injurious strain upon the 
miie hi j 10. u solid v. hcii or roller / is iixfri midway between the wheels on each 
side of the carriage, which receive and are capable of sustaining the pressure. 
In order that the carriage may be moved sideways, the rollers are placed at 
right angles with the running wheels. 

The patentee has introduced Lilt. . his specification some ingenious contrivance* 
for keeping the wheels in a straight path upon unlevel surfaces ; but as these 
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The chief resistance to the motion of carriage! upon railways arising, as ho* 
before been explained, from the friction of tbe axles, many attempts have been 
made to reduee it, by the mrraiut tion of anti-friction roller*, variously di?po;td, 
the design being to convert the nibbing, or sliding, into a rolling action : but 
the generality of the contrivances for this purpose have had no other con- 
sequence than the removal of the friction from one part to another, and of weak- 
ening Or encumbering the general structure by an unnecessary multiplicity of 
parts. How far these observations may apply to the invention of Mr. Brandrelh, 
of Liverpool, patented in November 1825. we will leave the reader to consider. 
Fig. 1 exhibits a ride elevation, and Fig. 2 an end elevation, of a railway 




waggon, to which Mr. Brandreth's paten' is applied, no are tbe axes of the 
running wheels b b, turning in bushes, and Buspended in an angular iron 
framing c r ; at d ia another axis above, carrying near its extremities anti- 
friction rollers e r, tbe peripheries of which roll in contact with a grooved 
bearing on the lower axis, by the revolving motion of the latter. The drawing, 
Fig, 1. is intended lo show a coal waggon, divided into two receptacles, and con- 
nected together by a hinge joint They arc provided with loose bottoms, so 
that when they are brought on lo the stage, whereon or through which 
the coals are shot, they may be readily discharged bv. the withdrawal of 
a bolt. 

In November 1825, Messrs. John and Samuel Seaward, of the City Canal, 
London, obtained a patent under which their claim was for " the propelling 
locomotive engines, vehicles, and other carriages, by means of a wheel or 
wheels connected either by a swinging frame or frames to the crunk shaft of a 
stenm-engino, or other moving power, or working in circular grooves, so that it, 
or they, may rise or fall, lo connect themselves to the roughness or unevenness 
of the ground, but supporting no part of the weight of the said engine, such 
weight being entirely supported upon separate wheels." 

A locomotive engine at a was placed on two pair of wheels b ; c is the crank 
shaft of a steam-engine within the hody of the machine ; to the shaft e is 
attached the swinging frame d, with a propeller e turning on its axis g, at the 
vibrating end of the swinging frame. The steam-engine was upon the springs 
/, so that the machine might travel upon rough roads. 

The extraordinary friction and resistance between the flanges of She wheels 
of a locomotive engine, and the edge3 of the rails, in passing round curves, 
Unless the radii be very considerable, struck 1'uvoiiilv 1 1 i i ■ jitli-istiou of Mr. Robert 
Stephenson, who succeeded in devising a very ingenious mode of obviating it, 
which he patented on the 2,'id of January, 1820. The following description of 
'-' is extracted from the Register of Arts : — " Instead of two wheels, fixed as 
to the extremities of one axletree, Mr. Stephenson's plan is to have a 
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J^lieeled carriage (or those which are on the longest of two curved parallel 
1 »nei) will therefore ho nt liherty to run faster than those on the inner side (or 
*»»-» the shortest line), thereby preventing tliiit sliding motion, and its destructive 
^fleets, when paaaing round curves, which, on extensive lines of road, aregeuc- 
■~»-lly found unavoidable. 

Mr. Stephenson's improvement* in axles likewise embrace another object of 
■*»«re momentous importance, that of providing a remedy fur the unequal strain 
to whieh a carriage is subjected in .passing over those parts of a railway that 




be hollow, or below the level of the contiguous parts, owing to the sleepers, or 
other supports having sunk <ir given way, which causes tliu Carriage and it* 
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stopp+ np rmnuL A second method devised by the patentees, of preventing thi» 
*™*V "*■• ** Wfewe, been patented more than once. This is to fasten upon 
tt»W«w w of Sol springing plates, each of them forming a tangent to the 
4jaii iiaihiiac*: so thmt, as the wheels roll forward, each plate shall be bent 
ta^unat Um tm, and recover ha tangential position as it leaves the ground in its 
r -t>-^mtuo. Bv tiia miiijiniiBl it was considered, that if there was any 
JjifmlMa to slip, the HlriMwi bearing surface of the plate, and the rosistanoe 
^£ ib fenn.-st edge, wok}* infalUhly prevent it. Mr. Neville does not explain 
**" " „ j**"**^ yintat tiw mod-stuff from getting between the plates 
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a***™ *•"•**«•■* "" fh " " ** ***•*"«*• « ■<» " flj'ing ° fi 
_Mt* '*•- *• Ww described Mr. SMnn'i axletrees designer 
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groove! at the sides of the lower part of tlie axle, and has pr oj w H ug parts at 
its ends tliot ilide up and down in grooves at the aide of ihe ttmffif puts uf the 
axle bends, which re win it in iis place while ufiiis; pressed upwards by the means 
mentioned ; and a double piece of woollen cloth, or other substance proper for 
holding grease or oil, dud well saturated u iih either, being placed between this 
last mentioned piece of metal, and the lower vide of the axle, the pressure 
caused by the weight on the opposite anil of the lever will make it closely 
epply to the axle, so as to keep the latter constantly well greased, independent 
*jf any minute care of the attendants. 

A spring may also be used similarly to the weight mentioned, for pressing the 
'Snolluiv metal piece towards the axle in the latter apparatus; that which the 
"patentee recommends for this purpose, is a flat thin lamina of steel, placed hori- 
zontally through apertures in the lower parts of the axle beds in the sustaining 
Vwrs, so os to press against the bottom of the hollow metal piece with a force, 
•that is regulated by a screw, which passes onwards against one of its ends 
through a hole underneath the apertures in which this latter is inserted. 

Amongst the singular propn si lions fur producing a locomotive action, was- 
Chat invented by Mr. T. S. Holland, for which he took out a patent, dated the 
HOtli December, 1827. The invention consists in lln- application of an arrange- 
Kiient of levers, similar to that commonly known by the name of lazi/-tonift, for 
the purpose of propelling carriages. Tile objects appear to be, to derive from 
die reciprocating motion of a short lever a considerable degree of speed, and 
to obtain an abutment, ai'ain-t which the propeller* should act horizontally, in 
*-he direction uf the morion of the carriage, instead of oUliopiely to that motion, 
»s is the caw "hen ciir'iiip.'s are impelled by levers striking the earth. The draw- 
ings attached to the specification serin designed rather in explain the principle, 
than to represent what the patentee would il.-i ■in mi eligible form of its application. 
^See next page,) n is one of the main wheels of the carriage; attached to the 
«xle is a long guide-rod b b, extending before and behind, and passing through 
1 soles in the blocks c e, placed over the beds of the propelling wheels dd; ee 
«re double nails, acting against two sets of ratchet wheels on the boxes of dd; 
J* f standards attached to the beds or axles of d 1/, and serving to place (hem 
in any required position, by means of the wheels attached to them; gg a 
series of expanding levers, the central pair playing upon the main axle ; 
ft h a pair of longer bars, connected with the two bars g g, at their lower 
«nda, and with each other, at the upper ends, by a bar, shown by dots, between 
tvo uprights ; the fulcrum /, a lever connected by a rope w, with a counter- 
-vreight, supported by two short bars o o, suspended from the lower bars gg; p 
a fly-wheel, connected with the upper extremities of the bars A h, which rise 
and fall in grooves, in the upright post q, the fly serving to equalize the motion; 
r the platform or carriage. 

The action is aa follows: — Suppose the apparatus in the position shown in 
the engraving ; allow the weight n to descend, and the levers gg will collapse; 
but as the wheels d d can only revolve in the direction of the arrow, on account 
of the palls e e, the wheel d 1 will remain stationary, and the wheel d, and the 
main wheel o, will be drawn towards d 1. On raising the weight, the levers q g 
will be extended, and o 2 now becoming stationary, the centre wheel a and d 1 
will be pushed forward from d2. 

Two days after the last -mentioned contrivance obtained the privilege of the 
Great Seal, Dr. Harland, of Scarborough, also passed a patent for what may 
be denominated a steam phaeton, from the figure of the carriage given in 
the specification, of which the engraving on page 115, is a sufficient 

"The improvements contemplated by Dr. Harland, are stated, in his specifi- 
cation, to consist, tirst, in the construction of a boiler, by which a very large 
lurface of the fire and flue will be placed in contact with the water, for the 
rapid production of steam ; secondly, in the employment of a condenser, which, 
by its extensive surface, shall condense the steam i:v tie. inlhn.-nce of the atmo- 
sphere ; thirdly, in a mode of fixing Ihe working cylinder, without allowing it 
to vibrate in hollow arms or trunnions. 
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le cylinders, ench lull of water, and uu mi nil] dealing with Lhe reservoir and 
n chamber c, which must 1« rt sufficient capacity to keep the boilers sup- 




n'ied during the period of one «tage, so that ftiey fee tA^a^a Mi-, i** 
cliinnw/; e a damper, by which the boiler * 2 may occaMtma^ Vk ^ife&tw™ 



hales in 
ccordirif 

ME 

nbL will 



11(1 RAILWAYS AND LOCOMOTION. 

in part from the action of the fire; / is a spherical vessel i>h the top of the 
reservoir, the object of which is lu prevent the water thrown up w i til the steam 

being driven with I he steam into the pip' ij, v.hh h conveys it to the working 
cylinder h ; tlii, cylinder is secured horizontally lo ihe lied of the carriage, 
and having guides extending from end to end, in which aide-rods, attached to 
the cross on ihe piston rod, move, and carry with them the connecting rod 
k, which turns the crank 1; this crank has on its axis a toothed wheel m, and 
revolves on hearing- placed on the bed of the carriage. The carriage receive* 
its iiiipui.-e from the engine upon tile hind "heels ; the axis of these carry small 
tuoth-wheels n, which gearing into m, receive their motion, and thereby turn 
round the running wheel*. Arrangements tire made by the patentee for throw- 
ing the toothed- wheels m and n oul ot" gear, and bringing into operation another 
pair of wheels on the same axles, when additional power is wanted ; but the 
apparatus lor this purpose is not brought into view in the engraving, to prevent 
contusion. At n is an eduction pipe, leading to a series of tubes p, which are 
denominated the condensing chambers, and may be used, either alone or in 
conjunction with water, to condense ihe steam mi leaving the cylinder; q, is a 
pipe for conducting the hot water and uiicondcnscd steam into a globular 
vessel r, connected with an additional series of condensing pipes a, of an annu- 
lar form, and connected with each other by shun pij.es ; i, is a pipe for return- 
ing the condensed water from r to the boiler, by the aid of it small force pump ; 
v is a forked rod attached to the steering wheel j-, and descending into holes in 
ihe anus of the lore wheels, and having liberty to move up iintl down, aec 
with the inequalities of the road ; the vertical standard, upon which the 

steering wheel x is fixed, also forms the centre of motion to the - 

wheels, and is thereby made tn direct th, in in their course. 

" The advantages contemplated by Dr. Harlantl in these arrangements, will, 
we fear, not he realised. In the construction of the boiler, there is nothing 
upon which we can congratulate him. The attempt to condense the steam has 
been long since abandoned by those who have had the most experience on the 
subject; it is evidently impracticable to carry sufficient water to effect even a 
tolerable condensation ; the conducting power of the air is much too slow for 
the abstraction of the heat, and it should he considered that the air which is 
liberate:! from the boiling water, woi.id remiire a [mm]) to draw it oftj which 
would add complexity to the uiaciiiiicry. With regard to the mode of fixing 
the cylinder, it. dili'cis bin little fit an that adopn d by Mr. Gun ley. The mode 
of communicating the power to (lie wheels is extremely defective, for it will be 
observed, that the tlru-.'wij inothcd-whecls m are fin ell'ecl) mounted upon the 
springs of the carriage, above the ttrh-rn toothed- wheels u, by which means they 
will tie continually liable to he thrown out of gear by the motion of the c— 
riage, and the teeth will he liable to hrenk ti..m the same cause," 

Pursuing our narration chronologically, we must now draw the reader's . 
tion to tlie labours of Mr. Waller 1 1 uncock, « ho commenced his career of .... 
itructiiig loci motive carriages about the same time as Mr. Gnrtiey ; hut whos 
mechanical arrangements possess far more originality and ycuuiiie merit, and 
have, in consequence, been attended with greater success. It was at this period 
(I8'i7) that Mr. Hancock took out his first patent, which was for a light high- 
pressure boiler, designed for locomotive purposes; the description of this we 
shall, however, defer, until we ban; made a rei respect of his previous labours. 

This gentleman, we are informed, lii-gtin bis experiments in the year 1824-, 
with an engine of his own invention, and of a very singular construction; but 
which he imagined was peculiarly suitable for locomotive purposes. The engine 
had neither cylinder nor piston, but consisted of two flexible bags, made of his 
brother's patent arlijicini leather, composed of caoutchouc, combined with several 
layers of linen. Communications, by means of a four-way cock, admitted the 
steam alternately iuio these bags, which being attached to a suitable frame with 
a slide motion, the alternate tiding and exhausting took place, and the recipro- 
cation produced by their expansion and contraction was communicated to ■ 
wuik, which convened it into circular motion. The caoutchouc was fou ' 
« answer for a short time, but the heat soon rendered the bags permeable, i 
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Wliind tiie carriage ; and the fat-;, part of the carriage is entirely for the con- 
venience of passengers, being made of greater or less length according to the 
number of persons. The guide sits in front, at /, and steers by means of a 
wheel, o, placed hurizcn tally, as in Mr. Gurney's carriage ; with this difference, 
that instead of llie vertical spindle having a pinion at p, it is made with a 
horizon ul drum or ■hive, upon which the middle of a chain is fastened ; the 
ends of the chain are attached to the different ends of the fore-axletree in such 
maimer that one or other of the fore-wheels may be liauled forward to turn the 
carriage. One important improvement in the guide-motion has been made by 
Mr. Hancock, which is by means of a friction-strap or band at p, parsed round 
« small friction drum ; the guide can, by pressing a pedal ivilh his foot, tighten 
this band on the drum when the carriage does not require to be turned out of 
the straight course. When the carriage is tbtH held in iw line of direction, the 
guide's hands may be released from the tiller- wheel, o; for the jolting of the 
wheels over rough pavement or other inequalities of a road, are not sufficient 
to slip the friction-band. In case of requiring to turn, the guide's foot is cither 
relaxed or taken off the pedal, and the tiller, o, worked by Ins hands. This 
hand is of great importance in many cases, and by it a guide with feeble arms 
may steer as well as a Hercules. This carriage is capable of carrying 
sixteen passengers, besides the engineer and guide. The weight of it, inclusive 
uf engines, boilers, coke, and water, but exclusive of attendants and passengers, 
is about three and a half tons. 

The wheel tires are 3| inches wide. The diameter of hind wheels, 4 feet. 
The width of tire is not considered by the patentee to be so objectionable in 
practice as it might be considered. This he accounts for, by the variable nature 
of the roads ; " a broad wheel on gravel is considered to be an advantage ; it is 
however a great disadvantage on a road between wet and dry; but in those 
Utter cases we have always an overplus of power (stew) blowing off at the 
safety-valve." Blowing off steam, either from the safety-valve or from the 
engines, creates no nuisance, because it is injected " inlo the fire in every 
direction," and so destroyed. The carriage can be turned in little more than 
ten feet, and stopped in much shorter space than any horse-coach. A metallic 
band, pressing upon the outer part of the wheel, is applied as a drag or brake 
when descending hills. In slippery roads, or steep hills, both hind wheels are 
connected with the engine, in order to increase the adhesion to the road ; but in 
general one driving wheel is found to be sufficient. 

" In October, 1832, Mr. Hancock determined to make a trip to Brighton. 
On Wednesday, October 31, this steam carriage came from Stratford, ilimiiL-h 
the streets of the city, at the different speeds necessary to keep its place behind 
or before other carriages as occasion required, and took up its quarters on 
Blackfriars Road, to prepare for the following day's trial. Accompanied by a 
scientific friend, a distinguished officer in the navy, I joined Mr. Hancock's 
friends on the next morning, making eleven passengers in all. We started at 
the rate of nine miles an hour, and kept this speed until we arrived at Redhill, 
(where all the coaches at this season require six horses,) which we ascended at 
the speed of between five and bix miles an hour. The bane of the journey was 
an insufficient supply of coke and water; the water, indeed, we wero obliged to 
■Uck up with one of Hancock's flexible hose pipes, at such ponds and streams 
as we could find. These difficulties delayed the completion of the journey 
(subsequently performed by steam in less than live hours) till next day ; but on 
our return our speed was much increased, and one mile was accomplished up hill, 
at the speed of seventeen miles per hour." — /■'.!, / 

" Reverting to the history of my carriages," observes Mr. Hancock, " I may 
remark thai the Infant was the first sleam carriage that ran on a common road 
for hire, which it commenced in February, 1831, between Stratford and London, 
and on which duty it continued several weeks in regular performance; but as 
I bad not at this early period practised any person in Etecrii'g, ami my prtwucc 
being required at home, I was under the necessity of taking it oil' the road. 
This carriage was also the first one that steamed through the public streets of 
tin city of London. 
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frankly that the carriage worked well: but expressed their decided conviction 
thai it would never answer for a continuance. Others would depreciate its 
performances, exaggerate its defects, and exult, as it were, in every instance of 
accidental stoppage. If requiring temporary accommodation, through the 
failure of some part of the machinery, a circumstance naturally enough of fre- 
quent occurrence in this early period of his locomotive career, Mr. Hancock 
Usually experienced the reverse of kind or considerate treatment. Exorbitant 
chains were made for the most ti-iHini' servici-s, tsnd important facilities with- 
held, which it would have cost nothing to afford. If temporarily detained SB 
the road from the want of water, or from any other cause, he was assailed with 
hooting, yelling, hissing, and sometimes even with the grossest abuse; wag- 
gons, carts, coaches, vans, trucks, horsemen, anil pirh'-inans, pressed so close 
on the carriage, as sometimes to predict: tin; possibility of moving; and his 
situation was often rendered very irksome and irritating ; sometimes very 
hazardous. Undismayed by these untoward circumstances, however, lie perse- 
vered in his experiments ; and as the novelty of such exhibitions wore off, so 
did the excitement and the opposition which they tit first produced. 

Becoming convinced from experience that there was a disadvantage in 
applying the power directly to the crank, as before noticed, Mr. Hancock next 
placed the engines quite behind, and at the same time altered the form of the 
carriage, so as to make it more nearly resemble an ordinary horse carriage. Much 
study and iabour were spent upon the various alterations that were suggested 
and tried from time to time. But the difficulty of keeping the machinery 
clean, owing to its proximity to (be lire- place, a3 well as to the road, was found 
in practice to be so strong an objection, that tins form of carriage was also 
abandoned. Nevertheless with this carriage, one point, of the greatest import- 
ance in steam travelling, was most satisfactorily determined. The possibility of 
a steam carriage ascending steep hills had been doubted and questioned by 
many; and to remove, if possible, all scepticism on the subject, a day was 
appointed for taking his carriage up Pentonville-hill, which had a rise of 1 in 
18 to 20, and a numerous party assembled to witness the experiment. A 
severe frost succeeding a shower of sleet, had completely glazed the road, so 
that horses could scarcely keep their footing. The carriage, however, without 
the aid of propellers, or any other such appendage, ascended the hill at consi- 
derable speed, and its summit was attained, while bis competitors, with their 
horses, were yet but a little way from the bottom. Stimulated by the suc- 
cess of such experiments, he remodelled the entire arrangement of the 
machinery. The trunnion engines were laid aside, and fixed ones substituted ; 
and such other alterations and improvements adopted, as bad suggested them- 
selves during actual work upon the road. The carriage, as thus reconstructed, 
was called, in reference to the infancy of the undertaking, the " Infant." In 
this engine, the bulk of the machinery is fixed in the rear of the part appro- 
priated to the passengers. There is, first, the boiler, with the fire-place under 
it. Second, a space between the boiler and passengers, for the engines, and the 
engineer who accompanies the carriage, whence he has the whole of the 
machinery within his reach, and open to his view ; and is thus enabled, during 
the progress of the carriage, to luhricate the parts requiring oil — attend to 
the gauge-cocks, and regulate the supply of water to the boiler, as well aa the 

j „ of blast from the blower — to increase or diminish the generation of 

, according to the various stales of the road, mid the wants of the engines, 
— and generally to give his immediate attention to any portion of the machinery 
requiring adjustment. And, third, a pair of inverted fixed engines, working 
vertically on a crank shaft. The whole is on one framing, supported by four 
Coach springs, on the axle of each wheel. 

ink shaft and on the axle of the bind wheels, are fixed indented pul- 



leys, around which an endless chain passes, which communicates (hs power anil 
rotary motion of the crank shaft to the hind axle, and propelling wheels, and 
thereby effects the progressive motion of the whole carriage. When it is 
■sired to back the canii'^c, I he aetiwi tit' tW cuajues is merely reversed, which 
i be effected almost instantly. TV aAvtinVa^es ™Kiat4, Vj \W wyoved 
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MttJigement shown in the Infant are numerous. The engines ere completely 
protected from the dirt and dust of the roads ; are at all times in sight of the 
engineer, and every pact of them is within his reach. The passengers, engines, 
bailer, fire-place, &c, are all equally relieved from concussion, by complete sus- 
pension on springs, similar to a stage coach ; the chains allowing full play to 
the springs, 'and a vibrating stay from the crank to the axle preventing the pull 
or the chains, and securing a uniform distance between the axle and crank 
shaft. By the employment, too, of a distinct crank shaft, the axletree, which 
has to carry all the weight, is not only preserved straight, and consequently of 
the best form to sustain that weight, but it is also relieved from the strain which 
it has to bear, where it forms both crank and axle, sod has to propel the car- 
riage, and carry the weight as well. The Infant thus filial up, was tried in 
every possible way, during several months, and proved so perfectly efficient, 
that in all the carriages which Air. Hancock has since constructed, he has 
adhered to the same general plan of arrangement, with the exception of some 
modifications in the details, which lunrc rstcr.deil expi'iieii;c lias suggested. 
Hut though the general arrangement of the Infant was such as to leave but little 
occasion for alteration, there were yet several important points that remained to 
be cleared up, such as the best proportions and size for thechambers of the boiler — 
the best form for each separate portion of the machinery— the proper position, 
size, and strength of the various parts, and also the most suitable kind of malc- 
irials, so as to avoid as much as possible superfluous weight Experiments to 
ascertain these various points occupied Mr. Hancock till the beginning of the 

J 'ear 1831, so that full six years had elapsed from the commencement of his 
ocomotive pursuits, before the Infant was produced in a state somewhat to the 
Satisfaction of his own mind. The trials made during this probationary period, 
comprise a total of many hundred miles, all made upon the high roads, near 
London, principally in the vicinity of Stratford; between which place and 
"Whttechapel, vehicles of every description being in constant motion, afforded 
liiin an excellent opportunity of obtaining practical experience, under every cir- 
cumstance of difficulty, in which a steam- carriage might bo expected to be 
placed ; anil this cuih-idi-r.-itiuii determined him to give the most frequented road 
the preference. In February, 1831, lie commenced running the Infant regu- 
larly for hire, on the road between Stratford and London ; not, certainly, with an 
amticipntion of profit, but as a means of dissipating any remaining prejudices, 
mid establishing a favourable judgment in the public mind as to the practica- 
bility of steam travelling on common reads. Mr. Hancock observes, that it is 
an undeniable fact, and a source of proud satisfaction to him, that a steam car- 
riage of his construction was the fait that ever plied for hire on a common road, 
and that he achieved this triumph single-handed. 

In the following engraving is exhibited a sketcli of the arrangement of the 
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am carnage that Lad been seen there ; again it ran there ill tlie summer 
I, hi did also the Autopsy. The first day the Automaton was worked, it 
purl)' to Romford and back, without the smallest repair or alteration 
being required ; the speed was from 10 to 12 miles per hour I this carriage has, 
within the last fortnight, nni twice to lipping, each time with a party desirous 
of witnessing its performance on that hilly road ; it travelled on the ordinary 
road at 12 to 14 miles, anil ascended the hills, which are very steep, at 7 or 8 
miles per hour." (We annex a representation of the Automaton, extracted 
from the Mechanics' Mayitzine.) 

" The carriages have all proved more powerful than 1 had expected ; the first 
time I was forcibly acquainted with this fact was whilst miming for hire in the 
yeai 1834. A trifling casualty to the machinery of the Aulopiy brought it to 
a stand, and the Erin was fetched to its assistance, when it towed the Autopsy 
up Pentonville-hiU to the station in the City-road, without any material dimi- 
nution of its speed, although this, as well as the other carriages, had only been 
calculi' ted to carry a certain number of passenger*, with water and fuel for the 
trip. The average working speed of all the carriages is from 10 to 1 2 mileB an 
hour, though they may he pushed far beyond this. The fuel costs about two- 

ence-halfpenny a mile. The wear and tear is principally confined to the 
ilers, fireplaces, and wheels; but this is not so great as might he expected; 
and some of the carriages now running have bad their boilers in use upwards 
of two years ; when they are worn out it is only the chambers that require 
renewing, for my boilers are so constructed that all the main and expensive 
parts, such as bolts, stays, &a., will last for many years, and wear out several 
lets of chambers. As to the machinery, the wear and tear appears to he very 
trilling, as far as the carriages have yet performed ; they have, in many 
respects, actually improved : and even the Infant, which has been so many- 
years in action, is in as good condition as ever it was in the original parts of its 
machinery. 

" It may be readily supposed, thai in bringing out a novelty of the kind now 
under consideration, and putting it in!n actual and Htcriive iijieration, we have 
not been without accidents in our career, but are happy to say they have been 
few, and of trivial amount, with the exception of one, which was that of a 
workman, who, by a daring of the most imprudent stamp, caused an accident, 
which, whilst it proved the general safety of my boiler, I regret to say, deprived 
him of life. This statement was fully borne out to the satisfaction of the 

" I will now ilf.ii lihe ihe gttieri.l arrangement of my carriages. 

" At the front sits the steersman, who governs the way and speed of the car- 
riage , behind him is the body or open seats of the carriage, whichever may 
be its build ; at the back of the body, and with a good screen or partition 
between it and the passengers, is the engine r-".'iii, containing a pair of inverted 
engines, working direct upon the crank shaft, from which motion is communi- 
cated to the axle of the hind or working ivhr, Is, by endless chains and pulleys ; 
adjoining the engine room, in the rear, is the boiler, with the fireplace under 
it. A lad stands behind to feed the fire as the carriage proceeds ; and a man 
competent to judge of the winking; of the engines and machinery, and also to 
keep them oiled, is always in the engine room, wliilsl the i arriage is working. 
The coke is contained in iron boxes at the back of the boiler, and the water fur 
supplying the boiler is contained in tanks under the seats of the carriage. 
The fire is urged by a revolving blower under the flooring or body of the car- 

" In conclusion, I will give a list of the carriages 1 have built, with the 
number of pnssenpeta they arc each calculated to accommodate ; not what they 
will and actually have carried, for this has sometimes, on particular occasions, 
been an increase of 50 per cent. ; as an instance, the Aufojisy, when first 
running to Islington, in 18-13. carried, on two or three trips, 21 or 22 passen- 
gers, though its complement is hut 12. 




Experimental Carriage 



— With Car 



Jft .lutuiufitofi 




l,.,i »J» (b««S" 6"™ 

—a 



its world 



RAILWAYS AMD LOCOMOTION, 131 



great number of wheels and pinions, that 
be might, "th rough their instrumentality, make a noise in the world. Although 
the preceding sectional ilra-iiia^ exhibits a faithful and clear outline uf the 
" miraculous invention," there are of course many subordinate parts wliioh are 
not introduced, to avoid a confusion of lines in the figure ; enough are, how- 
ever, left to surprise every mechanical reader, that men absurd additions shonld 
ever have entitled the author to the adulation of the press, and of some of our 
best parliamentary orators. It would be a waste of time to do more than just draw 
the reader's attention to a portion of the " happy series." First and foremost 
are the "pilot wheels," already noticed In a previous page; next, under the 
fore boot, is exposed to the admiring gaze of the multitude a pretty little steam 
engine, with all appurtenances thereunto belonging, employed to raise the wind 
(in both senses of the term) and to cool the steal a pipe j which pipe, it will be 
observed, after proceeding from the separators, makes a flourish over the boiler 
to get a little warmed, [hen descends in a graceful curve under the body of the 
carriage, and through the cold air-trunk, to get a little cooled in its complaisant 
journey to the coachman's feet : bence it makes a detour amongst the fanners, 
in order lii;;t liie >;i.-.iin io:y i. e.i .■.■v.i'.y ..-,- i.iei:-.- ■! Ii, run d,..ivn imo ill. 1 
engines, which are placed in the coolest |>ossib!e situation, except when they 
lippen to be covered with the tioii-cmnhiciiiijj substances uf quarts, silex, 
felspar, and mica, gathered from the road ! It was for such patented contrivances 
as these, and those before described, that Mr. (J urn ey, or his friends in parliament, 
sought to obtain an extension of his patent rights, or a compensation in money 
iot giving the public the entire benefit of his " sublime invi-uiioiis 1" On the 
latter proposition we have never made a single remark, nor is it our intention 
to do so ; but of the former we cannot resist the expression of our rooted 
«onvicrion, that an extension of Mr. Gumey's patent) is unwished for, even by 
himself, because there is not a single contrivance of the whole " happy series ' 
"which any inec/iaiiii: wuuld he mad enough to use, or rather (ry to use, were 
<hey freely offered to him. 

To render more useful the establishment of a railroad through a broken 
country, it has been a desideratum to construct a carriage which shall move 
with as much facility upon a serpentine, or curved, as on a straight road; and 
at the same time not to lose the peculiar advantages which the common method 
of fixing the wheels on the' axis possesses. It is also desirable to lessen, if 
possible, the amount of friction, by means not too complex. These two ends, 
Mr. William Howard proposed to attain in the construction of carriages upon 
the following principles :— " First, the connexion of the two beds of the axlo» 
at a point equidistant from each ; and in the same manner the connexion 
between the hind bed of one waggon and the fore bed of that following it; or 
the fore bed of the leading waggon with any system of guide-wheels, so that 
the wheels not only of one waggon, but of a train will follow one another in 
the same curve, without more lateral friction than when on a straight line. 
Second. The making of the axle revolve in its journals, and at the Bame time 
rendering either one or botli wheels capable of revolving independent of the 
axles, as in a common carriage Third, the application of a simple frietioii- 
wheel to diminish the friction of the axis upon its journal." Mr. Howard 
next proceeds to explain these principles in detail. First, " If there be a track 
of a railroad of a circular form and we wish a carriage to move on it without 
lateral friction, the planes of the wheels must be parallel to the tangents of the 
two circles at the paints where they rest on them, and each axle, consequently, in 
the direction of the radius of the circle. To find the point at which the axle 
must be connected to produce tliis effect, draw a perpendicular from the middle 
of each, and the intersection of these two perpendicular lines will be the point 
of junction required. The advantage of this over the common construction is 
that there die pivot of the beam connecting the axles is on the foremost axle, 
and consequently in turning, the hind wheels do not follow the tracks of the 
foremost ones, but describe a curve of smaller radius, causing great lateral 
friction on the rails. Second. The prin<:i|>h: of making the wheels revolve 
with or without the axles in the present case, is tu secure the «fcwVUa$,«« <& Or* 
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Iviug with the wheels, and, at the same lime, to permit 
c faster tlian ils fellow, when moving on a curved part of ilie 
toad. The trilling relative improvement which [Ills would produce between t!ir 
axle and llie wheel, would admit of these being adapted with considerable exactness. 
Third, In the application of the fricti.'ii-nln-.ls, instead of an axle resting on 
the summit of a wheel, as is the usual method of application, and the only one 
known to the inventor, the wheel with its loud is here made to rest upon the 
axle. According to these principles, the eOfnbJnatioti of which into a railway 
carriage forms the ground of a patent granted to Mr. Howard, the construction 
is to be as follows : — 

" The size of the wheels, their distance opart, and the distance between the 
axles, are in the common proportions used in railway carriages. The connecting 
beam between the fore and hind axles, is fastened firmly thereto by jaws or 
frames, to prevent lateral motion. This beam is divided in the centre, between 
the axles, one end having a tooth, and the other a socket, cut of the epicycloid 
form, to keep the point of action at an equal distance from the centres of each 
axle. The axles are kept together hy fastening the body by bolts to the beds 
resting upon each. Another method of construction is, to extend the beam 
from the hind axle, until the end of it rests upon the bed of the fore axle, 
while the beam from the fore axle reaches to a short distance only behind the 
central point of action. A bolt then passed through the centre of the hind 
frame, and the end of the fore frame, and equi-distant from the axles, forms 
the pivot or point of action between them. In this case, the waggon is fastened 
firmly to the hind bed only, and to the extremity of the hind beam, which rests 
on the fore bed, which is made to traverse, laterally, more easily by a small 
roller upon a curved strip of iron. The friction- wheels are contained between 
upright stands or supports, of cast or wrought iron; each wheel having one on 
each side, connected at the top by a bolt and nuts, and having jaws at the 
bottom, wide enough to admit the axle in contact with the friction- wheel ; each 
pair of friction- wheels is connected by iron bars passing through each arm of 
the jaws of tlie supports, and secured by nut; : between these bars the axle 
revolves, and the bars, rising above the axle, receive the beam, and form the 
fore and hind bends, to whiih tin? frames uf the beam are securely nutted. 
To obviate the little friction which may arise from the centre of the friction- 
wheel being directly above the centre of the axle, it may be placed a little 
obliquely, and a small friction-roller used in one uf the arms of the jaws, to 
destroy the additional friction there. The axles have two shoulders at each 
end, one uf which supports the waggon wheel, and is either firmly fixed to it, 
or only secured by a linch-pin, and the other revolves upon the friction- wheel. 
" These principles are not new, but the combination of them into a railway 
Tiage is new, and entitles, the inventor believes, that his invention he 
ured by patent. The peculiar application of friction- wheels is also new, and 
claimed as original." 

tig. 1, (see opposite page,) represents a perspective view of the whole car- 
, with its friction -wheels attached. 

j. 2, represents the plan of the waggon, showing particularly the manner 
n which the beds of the two axles are connected, a is the iron waggon wheel, 
made as usual, Except that it is arranged so as to turn on the axle, to which it 
is secured by the hnch-piii h, or anv other contrivance, e is a wheel fixed 
upon the axle, as in the common railroad carriage, d rf, the friction wheels 
moving upon the axles e e, and supported by the supports f f. The 
whole of these parts are of wrought or cast iron, and the frames are 
secured together by screws and nuts, so as to keep them solid, and as shown in 
the figure y, one of the bars connecting the two frames together, and secured in 
h and i are the two frames by which the two beds are connected 



by a holt, at the point k, equi-dlst 
■■me i of the hind bed is prolonged, 
mediately over the fore axle, the mot 
r/ed by a small roller at /. 
' If it be found objectionable to ^\t 






f each axletrec ; 
on part of the frame *, 
l of its end, laterally, being faci- 

i \Vie \milj of the waggon entirely 
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blow. The object of my invention is to ocouimilate and preserve the regular 
power which the wind produces, so that it may be applied to machinery to 
produce an uniform and regular motion vjienever it is wanted." The ingenioui 
inventor then proceeds to describe his condensing mechanism, and the con- 
struction of his vessels tor containing the condensed air. But as no particular 
objects are apecilicd fur ita application (except cursorily, the raising of water,) 
it would be out of place here to enlarge on the subject; and our only reason 
for noticing it now, is (o show what degree of originality appertains to the 
next invention we have to introduce to the reader's attention. 

This was the subject uf a patent granted to Charles C. liombas, Esq. It was 
especially designed for the propulsion of carriages or boats, and is dated the 
29ih of April, 1828. The patentee specifies it as consisting in the condensing 
of atmospheric air or gas in strong cylindrical res.rvoirs having spherical ends; 
whence it is to be discharged througn proper valves and lubes into a cylinder, 
where it is to operate upon a piston In the same manner as in steam* engines, 
and communicate motion to the wheels of a carriage, or the paddles of a boat. 
The vessels to hold the condensed air or gas, are proposed to be from 12 to 18 
inches in diameter, and of as great length as can be Conveniently stowed, or 
removed intn or out of the vehicle, from or to the stations which it is proposed 
to establish along the line of road whereon the traffic takes place, for the pur- 
pose of receiving the exhausted vessel, and supplying a charged one in its 
place; which it is proposed shall contain from 30 to 150 atmospheres. The 
particular construction of the engine and machinery of. the carriage are not 

fiven ; but it is directed on the plan of the high pressure steam engine, and to 
e worked expansively. 
An efficient mode of working an engine with an uniformity of force, by 
means of a fluid that is constantly ilimini-iiiiii.' in its vlasiicky, is, we believe, a 
problem not yet solved. Another patent fur precisely the same object as Mr. 
Bombas's, was granted on the 1st of June following, to Mr. W.Mann, of 
Effra-road, Brixton, Surrey, who was of course uninformed at the time of his 
having been anticipated. Nevertheless .Mr. Maun pursued his undertaking, 
published a pamphlet descriptive of his plans, accompanied by drawings, and 
endeavoured to raise a company to carry his project into operation. Whether 
he actually carried it experimentally into practice we are uncertain, hut a 
drawing of the carriage and reservoirs of compressed ail are given in the 5th 
Vol.N.S. of ibe Register of Jrt* .— 

"Mr. Mann proposes, like his predecessors, to employ a series of strong 
metallic recipients, similar to the cylindrical vrssels used for portable gas, into 
which thirty or more atmospheres are to he condensed by the power of a steam- 
engine, water mill, or other adequate prime mover. A sufficient number of 
these vessels are fitowed in a case adapted for the purpose, which is to be fixed 
underneath the carriage ; a tube, communicating with all the recipients, is to 
convey the compressed air to two working cylinders, basing the apparatus com- 
mon to high pressure steam- engines, the piston rods of which will give motion 
to a crank on the axis of the hind running wheels. It Is proposed to work 
expansively, and to vary the cutting off the stroke, according to the degree of 
elasticity of the air. 

"The velocity Mr. Mann proposed to travel, was 14 miles in the hour, which 
he calculates will require 2000 cubic feet, of the natural density, to propel a 
carriage weighing, with its load, two tons. When the roads are in a bad state, 
it is intended to ebavge the vessels with a greater number of atmospheres, to 

" The patentee stales, that the carriage is constructed (?) to carry 75 cubic feet 
of compressed air, which, at a density of thirty-two atmospheres, is sufficient 
to propel it 14 miles; and if the air were compressed to be equal to 48 atmo- 
spheres, that quantity would propol the carriage 23 miles; and if to 64 atmo- 
spheres, 34 mUea. The average coat of the power is calculated at one penny 
per mile ; that is, If a steam-engine be employed to effect the compression of 
the air into the recipients, the cost in coals of such steam power, to condense a 
volume of air sufficient, by its autaecrucift MEnWMMm, \.u ^to^el a carriage one 
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penny. Mr. Mann, however, must know that this would only form 
one item in the expense of working a carriage. The proposition of propelling 
by a process of this kiwi, ia certainly specious; but those who have given the 
subject their best attention, consider tliat no practical means have yet been 
ilevised to compensate for the constantly decreasing expansive force of the air 
in the recipients." 

A suspension railway, combining the characteristic features of Mr. Palmer's 
and Mr. Fisher's, previously described, was patented by Mr. Maxwell Dick, of 
Irving, in Ayrshire, on the 21st of May, 1829; doubtless, in ignorance of those 
precedents, as we were personally assured by the latter patentee. The chief 
object of this gentleman was, as is stated in the title of hia patent, " for the 
conveyance of passengers, letters, intelligence, packages, and other goods, with 
ureal ci'tocity. The means which he adopts for this purpose, are designed l~ 



isity and enormous expense of cutting and embanking resorted to 



obviate the he 

on railways of the ordinary kind. The rail is supported, like Mr. Palmer's, upon 
vertical pillars, hut carrying a double track for the carriages, like Mr. Fisher's. 
Mr. Dick has, however, added, what he denominates " safety rails," one on each 
side of the track, against which anti-friction wheels, attached to the carriages, 
are made to act, in ease of the carriages receiving from any cause an impulse up- 
wards. The patent likewise embraces a curious combination of wheel-work, foe 
communicating a high velocity to the carriages. A large and well construed 
working model of this invention was publicly exhibited for several weeks at 
Coning Lross, London, inl830, and drew crowds of visitors, who were surprised 
and delighted- at the velocity with which the carriages darted along the wire 
rails across the room, by the application of a small force. The notoriety of 
s well as the capability of its being usefully applied under 
■ ■ .:■:■: ■:■ >; : '.■■ ..■ ■ ... ■ ■ ■ ■:.■ •■■.:■ 

require from us something more than this brief historical notice. Accordingly 
we proceed to give a few, out of the many details and modifications, which the 
prolific mind or the inventor has thrown together in his specification. From 
this document we learn that the patentee especially designed his invention for 
traversing undulating, rugged, and abrupt ground, the crossing of rivers, mosses, 
marshes, &c. Pillars are to be erected of brick or stone with lime, at given dis- 
tances apart, suppose fitly yards ; between each of these may be placed four or 
— ' -netal pillars, according to circumstances, for bestowing the requisite 



the drag-line is conducted. The rails a 
such as is used for chain cables, and they are to be duly connected together in 
great lengths, and secured to the frames in such manner as to make the top sur- 
face smooth, and free from all obstruction to the motion of the carriages. 
Between each frame there are to be introduced three or four cast-iron braces, 
to prevent vibration and stiffen the structure. The method proposed for 
dragging the carriage along the railway, is by fixed or stationary engines acting 
with drag-lines or ropes attached to the carriage, which, if the railway be double, 
(as in the subjoined illustration J will act in an endless round ; but if the line 
of railway be single, then the engine will be interchangeable and reciprocal. 

Fig. I. 







Fig. 1 represents a side elevation of one span of a douWt tosoMiAanxiSi*™, 
•imported at the extremities by a pier nf masonry, dd, b.yi& M. o^mkX Kw!W™m»\s"J 
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Tin' Hi-pension rail takes a straightforward point from one town to another, 
without regard to the surface of country orer which it has to go, whether rising 
or falling, crossing of rivers, or otherwise. All are, byregulating the heights of 
the pillars, with the same ease gone over; and by that means saving of dis- 
tance, saving of surface ground, saving bends in the formation of the rail ; 
which bend*, betides the extra expense of originally laying, arc always liable to 
great derangement from the lateral friction of the waggons coming round 
them, compared to that of a straight line of rail. Secondly, the suspension 
railway, over that of (he ground railway, has another immense advantage; 
"it as expense is concerned, which is, in the snving of all embank- 
ments, excavations, building of bridges, cutting of tunnels, besides the great 
breadth of surface ground. Thirdly, nnd which I think the most important 
of all, is the great despatch to be gained by the suspension TsahrSif, "without, in 
the least degree, endangering either persons or property, its height being sufli- 
dent at all places to allow every agricultural and commercial intercourse to go 
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on under it without interruption ; and then the carriages being so completely 
locked within the rail, prevents any chance of their escape, whatever may be their 
velocity ; so that I do not stretch a point when I say, with light carriages con- 
taining the mail, and all small packages, a velocity of sixty miles an hour is to 
"be obtained, including all stoppages, and that with the greatest ease and 
safety." 

Of all the railways hitherto constructed, that which now connects Manchester 
"with Liverpool is, beyond all comparison, the most perfect and the most exten- 
sively useful. The peculiar commercial connexion between those towns 
venders a cheap and rapid communication not merely of local, but of 
:xiational interest Liverpool is the port whence Manchester receives all 
~Mier raw materials, and to which she returns a large portion of manufactured 
.^oods for shipment to all parts of the world. By means of the railroad, 
~die transit of goods is now effected in about two hours, which is about one- 
^eighteenth part of the time previously occupied by the water carriage of fifty 
mniles, besides a saving of fifty per cent in the cost per ton of carriage ; making 
/Zui annual saving in carriage to the cotton manufacturers of 20,000/.; rendering 
it unnecessary for them to keep a stock on hand to meet sudden orders. Man- 
chester, we may observe, has now all the advantages of a sea-port, since a cargo 
~Monay be delivered into a warehouse at Manchester on the same day that it is 
^received at Liverpool. These towns are, by thirty-two miles of railway, as 
^rnuch connected for the purposes of business or pleasure, as the eastern and 
estern extremities of London ; the facilities of communication between the 
after are, in fact, not so great as the former. The immense public advantages 
attending this great mechanical work, have, however, been so often and so 
ibly set forth, in poetry as well as prose, that it will be quite needless to make 
further remark on this head. 
The undertaking was commenced in June 1826, under the direction of 
Air. Geo. Stevenson. It was proposed to lay the railway as nearly as possible 
sua straight line ; but the nature rendered this work one of immense labour 
and difficulty. Upwards of 200,000/. were expended in excavations and em- 
-ftjankments ; in bridges alone, over and under the railway, upwards of 99,000/. ; 
s*nd out of a total expenditure, amounting to 820,000/., only the sum of 67,932/. 
^or the railway itself, the particulars of which, as furnished by Mr. Booth, we 
subjoin; namely, 

£ s. d. 
Rails for a double way from Liverpool to Manchester, 
with occasional lines of communication, and addi- 
tional side lines at the different depots, being about 
thirty-five miles of double way, weight 35 lbs. 
per lineaj yard = 3847 tons, at prices averaging 

something less than 1 21. 1 0s. per ton 48,000 

Cast-iron chairs, 1428 tons, at an average of 10/. 10s. 15,000 
Spikes and keys, to fasten the chairs to the blocks, and 

the rails to the chairs . . . 3,830 

Oak plugs, for the blocks . . . , 615 

Sundry freights, cartages, &c 487 


































Total .... i.67,932 



Tfhe following summary view of the working of the concern, during the first 
fifteen months of its existence, obtained from an Annual Report from the 
directors to the proprietors, we insert, as furnishing some important data to all 
persons interested in similar undertakings : — 
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The profits of trie Company, from the opening of the 
railway on the 16th September, to ;!lst December, 



14,432 1! 
30,314 9 10 
40,783 3 " 



Paid to the proprietors in dividends 80,165 1 

Leaving a balance in the hands of the treasurer of £5, 



to meet those contingencies to which the working of every 
undertaking may be considered more or less liable. 

The following general abstract of tho expenditure of the railway, to the 
31st of May, 1830, showing the cost of the different branches of the under- 
taking, may he of considerable use to those who shall hereinafter em arl 
similar adventures : — 

£ s. tl. 

Advertising account 332 1 4 

Brick-making account 0,724 4 4 

Bridge account 09,065 1 1 9 

Charge for direction 1,911 

Charge for fencing 10,202 16 5 

Cart establishment 461 6 3 

Chat Moss account • 27,719 11 10 

Cuttings and embankments f ........ 199,763 8 

Carrying department, comprising ac- 
count expended in land and build- 
ings for stations and depots, 
warehouses, offices, Sec. at the 

Liverpool end £35,538 

Expended at the Manchester station 6,159 

Side tunnel 2,485 

Gas-light account, including cost of 

pipes, gasometer, Sic 1,046 

Engines, coaches, machines, &c. . 10,991 11 

56,219 

Formation of the roadj 20,568 15 5 

Rail account 67,912 

Carried forward £479,880 16 8 




, 
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Brought forward £479.880 16 8 

This expenditure comprises the following items : — 
Rails for a double way from Liver- 
pool to Manchester, with occa- 
sional lines of communication, and 
additional side-lines at the different 
deji6ts, being about 35 miles of 
double way '=• 3,847 tons, at 
prices averaging something less 
than 12/. 10s. per ton . . . .£48,000 
Cast-iron ebains, 1,428 tons, at an 

average of 10Z. 10» 15,000 

Spikes and keys to fasten the chains 
to the blocks, and theTails to the 

chains 3,830 

Oak plugs for the blocks .... 615 

Sundry freights, cartages, &c. . . 467 

Interest account (balance) 3,629 16 7 

Land account 95,305 8 8 

Office establishment 4,929 8 7 

Parliamentary and law expenditure 28,465 6 11 

Stone blocks and sleepers' 20,520 14 5 

Surveying account 19,820 8 7 

Travelling account 1,423 1 5 

Tunnel account 34,791 4 9 

Tunnel compensation account 9,997 5 7 

Waggons used in the progress of the work . . . 24,185 5 7 
Sumlri- pa3 r ments for timber, iron, petty disburse- 
ments, &c 2,227 17 3 

Total . , . £739,185 5 



About 100,0002. more were required to complete the work. 

Since the period mentioned, we understand that the traffic on the railway In 
been constantly increasing. We have already described the nature and cm 
fltruction of the rail employed in this road, but it becomes necessary to 
comprehension of the great ellecls produced upon it, to add some account i 
the levels and inclined planes of which it is formed ; and this information : 
afforded in the annexed table. 



Tunnell under the Town of Liverpool, from! 
Wapping to Edge-hill ■ ■ ) 




„.„.. 


1 240 

1000 

5 220 

1 880 
1 1540 

1 880 

2 880 

6 880 
5 880 
4 680 


Rise, 1 

Fall, 1 
Rise, 1 


in 48. 

in 1092. 
in 96. 


To the Foot of Whiston, or Rauihill Plane . . 




Parr Moss 


Fall, 1 
Fall, 1 
Rise, 1 


m 2040. 
in 880. 
in 1200. 






30 1240 
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The tunnel under Liverpool, which commences in Wapping, near the Qi 
Dock, and ends st Edge Hill, outside tlie town, was constructed in se\ 
eight separate 1. tiei.hs, r:»h communicating with tlie surface by mes 
perpendicnl.il' slui'is. Tlii- tunnel is whitewashed throughout, and lighten 
gas, and the effect produced is very singular and picturesque. The whitened 
roof and sides cnnl iyi>ous to esu-li light urn so strongly illumined, that tlie whole 
vista (observes Mr. Walker, in hi? "Description of the ILiihmv. 'j appears like 
a succession of superb arches formed through massive parallel walls, the 
intervening spaces being left in comparative darkness. About half a mile from 
the tunnel the inilioinl cro.-ses Wavertree-lane. Half a mile to the north of 
Waverlree, at Olive Mount, there is an excavation through the solid rock, 
70 feet below the surface, and two miles in length. The road is then 
carried by means of a great embankment, varying from 15 to 45 feet in heigh'. 
tiud from GO to 135 feet in breadth at the base, acioss a valley at Roby, or 
Broadgreen, two miles in length. It then crones: the Hayton turnpike road, a 
little past Roby; sixmilesand three quarters from Liverpool there is a junction 
railway for the conveyance of conU From the neighbouring mines ; on the right, 
and at a distance of seven or eight miles from tlie Liverpool station, it con: " 
to the Whistou inclined plane, which is one mile and a half long, and rii 
about 1 in 96. There is here a stationary engine to assist the carriages ii 
their ascent. For nearly two miles llie road is than on an exact level. It w«! 
on this part of the road that the contest of locomotive carriages, for the premium 
of 500/., took place in October, 1830, the result of which determined &- 
directors to make use of locomotive engines instead of stationary ones. Ab< 
half a mile from the Whiston plane, at Rainhill, the Liverpool and Manchesti 
turnpike-road crosses the railway, at an angle of thirty-four degrees. O 
leaving the level at Rainhill, tin? railway crosses the Mutton inclined plane 
which is of the same extent as that at Whiston, and descends i '* 

Sroportiou that the other rises. There is here another stationary engine. A 
tile beyond Rainhill several collieries communicate with the road by means of 
railways, and the Runcorn Gap railway will here cross the line to St. Helen'!. 

The nest object of interest is Parr Moss, the road over which is formed 
principally of the clay and stone dug out of the Sutton inclined plane, and 
extends about three quarters of a mile. The moss was originally about twenty 
feet deep, and the embankment across it is nearly twenty-five teet high, though 
only four or five feet now appear above the surface, the rest having sunk below 
it. The road is then carried over the valley of Sanky, by means of a massivt 
and handsome viaduct, consisting of nine arches, of fifty feet span each ; the 
'height of the parapet being seventy feet above the San key canal in the valley 
beneath. The viaduct is built principally of brick, with stone facings, and the 
foundations rest on piles of from twenty to thirty feet in length, driven into the 
ground. The breadth of the railway between the parapets is twenty-five feet. 
The viaduct is approached by a stupendous embankment, formed principally 
of the clay dug from the high lands surrounding the valley. A little to the 
south of the town of Newton the railway crosses a narrow valley, by the short 
but lofty embankment of Sandy Mains, and a handsome bridge of four arches, 
each forty feet span, under one of which passes the Newton and Warrington 
turnpike road. The Wigan and Newton branch here enters the railway. 

A few miles beyond Newton is the great Kenyan excavation, from which 
above eight thousand r.i\];\c. yards of il.iy and sand were dug out. The 
Kenyon and Leigh Junction railway here joins the Liverpool and Manchester 
line, and, as it also joins the Bolton and Leigh line, brings into a direct commu- 
nication Liverpool and Bolton. The Liverpool and Manchester railway then 
panes successively under three hunitsonic bridges : ami a Hi tie beyond Cufchetb, 
over the ISroscly enib:siikiii( : iii, w hich is about n mile and a half in length, and 
from eighteen to twentv feet in height. It then passes over Bury-lane, and the 
small river Gless, or Glazebrook, and a river at Chat Moss. This is a huge 
bog, comprising an area of about twelve square miles, so soft, that cattle cannot 
walk over it, and in many parts so fluid, that an iron rod laid upon the surface 
"j/J sink to the bottom, by the effect of i\a own gw.n\Vy, U is from ten le 




ihirty-fWe f 
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lliirty-fiVe feet deep, and the bottom ia composed of clay and sand. It was 
nicuunted by some an impossibility to cany the road across this huge bog ; but 
by ingenuity and perseverance the work has been effected, and a firm road is 
now carried across the moss. Hurdles of brushwood and heath are placed 
under the wooden sleepers, supporting the rails over the greatest part of the 
moss, and the road may be said to float on the surface. The most difficult part 
was on the eastern border, extending about half a mite, where an embankment 
of twenty feet in height was made, and many thousand cubic fuel of earth sank 
into the moss, and disappeared, before the line of road approached the proposed 
level. At length, however, it became consolidated ; in 1829, one railway was 
laid over the whole moss, and on the 1st of January, 1830, the Rocket steam 
engine, with a carriage and passengers passed over it. The line extends across 
the moss, a distance of about funr miles and three quarters, and the ruad is not 
inferior to any other part of the railway. The work was completed at an 
expense of 27,719/. lis. 1(W. 

On leaving Chat Moss, the road passes over the lowlands at Burton, extending 
about a mile between the Moss ond Woraley canal, by means of an embank- 
ment ; it 13 earned over the canal by a neat stone viaduct of I wo arches; it 
then proceeds through llecles, ant! a portion of Salford, under six b.idges ; it is 
carried over the Irwell by a handsome stone bridge of sixty-three feet span, 
thirty feet from the water, and then over twenty-two brick arches, and a bridge 
over Water-street, to the Company's station in Water-street, Manchester, a 
distance of thirty-one miles from the Liverpool station. The railway is there 
on a level with the second story of the Company's warehouses. On the line 
between Liverpool and Manchester, there are, besides culverts and foot InUMs, 
sixty-three bridges, of which thirty pass under the turnpike-road, twenty -eiu;lit 
over it, four over brooks, Sic , and one over the river Irwell. There are twenty- 
two of brick, seventeen of wood and brick, eleven of brick and stone, eleven of 
" ood, at a total expense of 99,0651. 1 1*. 9d. 

pool tunnel to Manchester, with the exception of 



wood, and two of stone and wood, at a total expense of <ii>,(n'i(ii. 1 
From the top of the Liverpool tunnel to Manchester, with the 
two inclined planes at Parnhiil, (one ascending and the other descending al 



inclination of one in ninety-six. and where some assistant power must he Used,) 
there is no greater inclination than in the ratio of about one m eight hundred 
and thirty ; and since the advantage on the descending side will nearly coun- 
terbalance the disadvantage in ascending so gradual a slope, the railway may be 
regarded, for practical purposes, as nearly horizontal. The rails at the mouth 
of the tunnel, at Edge Hill, are forty-six feel above the rails at the Manchester 
end of the line. 

In the formation of the railway, there have been dug out of the different 
excavations, upwards of three millions of cubic yards of stone, clay, and soil ; 
which is equal to, at Last, four millions of tons! 

After mature consideration of the reports and calculations of various 
engineers, appointed to consider the most eligible description of power for the 
Manchester and Liverpool railroad, they determined upon preferring locomutive 
to fixed engines, provided the former could he made sufficiently powerful, and 
at the same time not of so great a weight as to injure the stability of the rails, 
and that would not emit smoke, which is one of the provisions of the Hailway 
Act. With the view also to obtain, if possible, an engine of improved con- 
struction, a public reward was offered by the directors in April 1 829, for the 
best locomotive engine, subject to certain stipulations and eon di Lions, which may 
be thus briefly stated: viz. to consume its own smoke: to be capable of 
drawing after three times its own weight, at ten miles an hour, and have not 
exceeding SOlbs pressure upon the square inch on the boiler : two safety valves, 
one locked up : engine and boiler to be supported on springs, and rest on six 
wheels if it sliould exceed 41 tons : height to top of chimney not more than 
15 feet: weight, including water in boiler, not to exceed (i tons ; but preferred if 
of less weight : boiler, &c, proved to bear three times its working pressure : 
pressure gauge provided : cost of machine to he not mure than 550/. 

On the day appointed, the following engines were eutirti-4 IV™ VrwA Sut "^o.e 
prize ; and the judges appointed to decide were, Ml. TS'lcVoYai^fl oui 1 vK 1 KKawf 
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worth, (the eminent writer upon railways, to whose labours we stand much 
indebted in this article) ; Mr. Rastrick, of Stourbridge, and Mr. Kennedy, of 
Manchester, who made judicious arrangements. 

The Rocket Steam locomotive, by Mr. Robert Stevenson. 

The Novelty ditto by Messrs. Braithwaite & Errieson. 

The Sans Pared ditto by Mr. Timothy Hackworth. 

The Perseverance ditto by Mr. Burstau of Edinburgh. 

The Cyclopgde Horse locomotive, by Mr. Brandreth, of Liverpool. 
The trial, as before mentioned, took place on the level at RainhilL Several days 
were employed in getting them into the best working condition lor the contest. 

Ton. cwt. qr. lb. 

The Rocket weighed 4 5 

Tender, with water and coke. .3402 
Two loaded carriages attached . 9 10 3 26 



Total weight in motion ... 17 , 

Hie rate of performance of this engine was found by the judges to be 70 miles 
in about five hours, or 14 miles per hour ; with an evaporation of 114 g Uoi.s 
per hour, and a consumption of coke of 2171bs. per hour. The greatest velocity 
attained was on the last eastward trip, the 1^ mile being accomplished in 3' 44, 
which is at the rate of 2\\ miles per hour. 

On the following day the next engine brought up to the starting post was the 
Sans Pareil, but on weighing, it was found to exceed the condition of 4$ tons 
upon four wheels, therefore could not strictly compete for the prize. Never- 
theless, it underwent a trial of its powers, in order that the Directors might be 
acquainted with its merits. 

Ton. cwt. qr. lb. 
The weight of the Sans Pareil ... 4 15 2 

Tender with water and fuel 3 6 3 

Three loaded carriages attached . *- . 10 19 3 

Total weight in motion .... 19 2 



^^ 



In making the eighth trip on the running ground, the pump that supplied the 
water to the boiler became disordered in its action, by which the level of the 
water in the boiler became reduced below the fire tube, and the leader plug, 
employed as a safety valve, was melted, and put an end to the experiment. 
But as far as the experiment was conducted, which extended to 21 \ miles, the 




of the coke in this engine was enormous, being at the rate of 6921bs per hour, 
which was found to be owing to the draft through the fire-place being so 
powerful, as to blow red hot cinders out of the chimney shaft. 

The Novelty, which was not tried until the 10th, owing to unavoidable cir- 
cumstances, carried its own water and fuel ; and, therefore, to place it on the 
same footing as the other engines, the same proportion of useful load was 
assigned to it when compared to the engine, as the useful loads taken by the 
other engines have to their weight. The power and its load were accordingly 
as follow : — 

Tons. cwt. qrs. lbs. 
Weight of the Novelty, with water in the boiler .3100 

Tank, water, and fuel 16 14 

Two loaded carriages attached ... ... 6 17 



Total weight in motion . . 10 14 14 
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In t!ie early part of the trial with this engine, the water supply-pipe burst, 
and put an end to the experiment for that day. Two or three days afterwards 
the trial was renewed, but another ^unfortunate accident (thai of one of the 
joints of the boiler giving w;iv) reniun.itcd the proceedings, at the desire of 
Mr. Errioson, who voluntarily withdrew his carriage from the cuiilest. The 
performance of the engine, while it lasted, indicated very excellent results; the 
design, arrangement, and execution of the work, were likewise highly creditable 
(■■ the <;■:- 11 iii a and talent of the proprietors. 

The Perteverunet, after a short trial, was proved unsuited to the railway, and 
wfl* immediately withdrawn by the proprietor. The course was thus left clear 
for Mr. Stevenson to receive the fairly won prize of 500/., which was awarded 
to him by the judges. 

The Cyclopedc, though included in the foregoing list of rival machines, not 
being propelled by the power mentioned in the " stipulations and conditions," 
it could not properly be considered as entering the lists for the prize therein 
proposed; it was, however, an inquiry well worth the investigation, what 
degree of power horses could exert in a locomotive machine of the kind, and 
thereby determine its comparative economy with that of steam. For these 
reasons a trial of the Cyclopede took place ; but it only attained a speed of 
five or six miles an hour, owing, as wo believe, to the horses not having suffi- 
cient power to evert themselves in their stalls, as veil as to an injudicious con- 
struction of some parts. 

Having now Btated the results of this memorable contest, it becomes neces- 
sary to give some account of the machines engaged therein. 

The Iloeket, constructed by Mr. Stevenson, of which an external side elevation 
I' given in the following figure, possesses many of the characteristics of those 
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which were worked upon other raihvivs, u already il'scvibi'd. The furnace nt 
A 19 a square box, about 3 feet wide, and 2 feet deep. This furnace has an 
external easing, between which and the fireplace there is a spa™ of 3 inches filled 
with water, and cenuuuuiealiiig by a lateral pipe with the boiler. The l.eaed 
air, Sic. from the furnace passes through twenty-five copper tubes, 3 inches in 
diameter, arranged longitudinally on the lower half of the hoiler, and (hen enters 
the chimney C. I) represents one of the two ite.im cylinder*, which are placed in 
an inclined position on each aide of the boiler, and then eater* the chimney C. 
I) represents one of the two steam cylinder", which am placed in an inclined 
position on each side of the hoiler, and io:ni-iu:iie.i:i:i^ hj their piaton rods, 
through the media of connecting rods t'. in >l : pi- running wheels. 
P G are safety valves ; E is ono of two pipes on each lide of the boiler, by 
which the eduction steam from the cylinder; is thrown Into the chimney, and, 
by the exhaustion thus caused in the latter, producing a rapid draft of air 
through the furnace. At M is exhibited part of the tender, which carries the 
fuel and water for the supply of the engine. 

A little reflection Upon the construction of this boiler will evidently show the 
great advantages it possesses of generating steam with rapidity, and hence the 
superior effects in propelling the carriage and its load. There are twenty 
square feet of heated metallic surface surrounding the furnace, the Barnes and 
heated mfitter from which infringe afterwards upon the twenty-live copper tubes 
lying immersed in the lower part of the boiler. These tubes contain 117 
square feet of surface, making altogether 137 superficial feet of heated metal 
in contact with the water. We understand that Mr. Booth suggested the 
arrangement of the flue tubes leading from the furnace to the chimney ; and 
we make no doubt that it was mainly owing to this contrivance that the pme 
was won by Mr. Stevenson's engine. 

The Mii>e%, by Messrs. Braltlnv.iifr mid Errieson, is exhibited in the sub- 
joined sketch, representing a side elevation of the machine. 

F is the carriage-frame ; E, one end of a long horizontal cylinder, funning 
the principal port of the boiler, which extends to the large vertical vessel A, at 
the other end of the carriage, and contains forty-five gallons of water; L, a 
hopper to supply the fuel, (which is carried in small baskets placed on the 
carriage,) whence it is conducted by a tube in the centre of the etc aui-ch amber 
A, into the furnace S, beneath. At C is a blowing machine, the air from which 
is conducted by a pipe under the carriage, and proceeding by the tube K enters 
the ash-pit M, under the furnace ; Q is a pipe for the escape of the heated 
gases after the combustion, and forms the only chimney used ; B is the 
water-tank ; at D N are two working cylinders with their steam-pipes and 
valves ; the cylinders are six inches in diameter, and have a twelve-inch stroke ; 
O G are connecting-rods, which impart the force of the engines to the runniug- 
wheeJs. The axletrees are fixed io an iron rod, and slings are introduced to 
prevent the side action between the rod and the carriage frame ; and to prevent 
the effect of the springs from counteracting the action of the engine, the 
connecting-rods are placed as nearly as possible in a horizontal position, and 
the motion is communicated to them by bell-cranks on each side of the carriage, 
being connected by the slings to the piston rods. The pistons used are the 
patent metallic uf liartou (see I'i-ton) ; and tin.; running wheels, the patent 
.^pension kind, of Theodore Jones and Co. (see Wheeu.) 

The figure, on page 146, exhibits a section of the boiler introduced by Messrs. 
liraithwaitc and Erricsou, into the Nuoelty steam- carriage, which we ate 
induced to insert here, as it has been deemed, by some persons, to be the grand 
desideratum in this branch of practical mechanics. It is, therefore, desirable 
that its real merits should come under the consideration of the reader. S it 
the furnace, surrounded by water; and L the tube by which the fuel is supplied 
to feed the fire ; M is the ash-pit, (Siruuvli whU-li the air is forced by the pipe K 
from the bellows of the engine. The vessel containing the water that surrounds 
the furnace, and the long cylinder i.ln;t proceeds horizontally from it, constitute 
the boiler, as shown nt E E e. The (lames and heated air from the furnace, 
after ascending by the action of the \ic\lows, cater a long tortuous flue, which 
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a within each other. The diflerenoe between the diameters of the 
tubes ii such as to leave annular space* between them. The tubes are made 
somewhat conical, and they an placed alternately with their wide and narrow 
ends upward*, so that the rpaees between them alternately taper towards the 
top and bottom. Those space* which taper towards the top are open at (rath 
ends, and used as flues for the passage of Same, smoke. &c., from a furnace at 
the bottom of the apparatus; and the spaces which widen towards the top. ate 
closed at both ends, and used to contain water and steam. A communication is 
introduced, for the passage of steam from one space to another. There ere a 
series of openings for the escape of smoke, and to produce a draft through the 
flues. We bare only described one of a series of boilers which the patentee 
proposed to employ when much power is required ; and these he arranges in a 
circular position, or any other which may be found most suitable to the 
space to be appropriated to the boilers of steam carriages, the propelling of 
which seems to be his principal aim. The advantages contemplated by this 
arrangement are the great extent of surface exposed to the heat ; but it will 
be readily perceived that this does not possess the strength of a tubular boiler, 
as all parts will necessarily be subjected to the same degree of pressure, and [lie 
exterior vessel must, from its sixe, be regarded rather as a cylindrical than a 
tubular boiler. 

The foregoing is what the Colonel (now General) Viney describes as his in- 
reulion ; but he claims, in addition, the doing away with the use of separators 
and blowing-machines in steam carriages. With respect to the first of these 
extraordinary prohibitions, we must leave Mr. Garner to contest the point with 
the gallant General. 

One of the chief difficulties in the application of locomotive carriages to rail- 
ways has been to obtain sufficient friction or adhesion between the driving 
wheels and the rails to cause them to ascend planes of considerable inclination 
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135 bags and bales of American cotton, 200 barrels of flour, 63 sacks of oat- 
meal, and 3'l sacks of malt, weighing altogether 51 tans, 11 cwt. 1 quarter. 
To this must, be added the weight of the waggons and oil-cloths, 23 tons, 8 cwt. 
3 quarters. Tender, water and fuel, 4 tons, and 15 persons on the team, 
1 ton, making a total weight of 80 tons, exclusive of the engine, about 6 tons. 
The journey was performed in 2 hours and 54 minutes, including three stoppages 
of 5 minutes each (one only being necessary under ordinary circumstances), for 
oiling, watering, and taking in fuel; under the disadvantages, also, of an 
adverse wind, and of a great additional friction in the wheels and axles, owing 
to their being entirely new. The team was assisted up the Rainhill inclined 
plane by other engines, at the rate of 9 miles an hour, and descended the 
Sutton incline at the rate of 16j miles an hour. The average rate on the other 
parts of the road was 12J miles an hour, the greatest speed on the level being 
15J miles an hour, which was maintained for a mile or two at different periods 
of the journey." — Liverpool Paper. 

The annexed experiment shows the velocity of motion that had been 
attained on the railway at the period mentioned. 

" The journey between the two places was on the 23d of November (1830) 
performed by the Planet engine in 60 minutes, including 2 minutes, the time 
employed in taking in water on the road, as usual. 

" The motive for performing the journey was that the engine bad been 
engaged to bring up from Manchester to Liverpool some voters for the election, 
and by some cause or other, the time of setting Oul ni deluded, rendering it 
necessary to use extraordinary dispatch in order to convey the voters to Liver- 
pool in time."— Liverpool Paper. 

The application of compressed air to the propulsion of carriages, was also 
attempted by the ingenious Mr. Samuel W.Wright, who had a patent for the same 
in April, 1828. As the mechanical combinations of this gentleman usually 
possess great interest, from their originality and a skilful mode of applying 
them, we shall here introduce a description of his locomotive machine, with 
reference to the following cut. 




The above figure represents a side view of the machine, partly in section. 
a a a is the frame work upon which the engines, machinery, and body of the 
carriage are mounted; at b (here are two long metal cylinders (one being 
behind the other), having semispherical ends for containing the compressed 
atmospheric air; these vessels are filled by means of pipes and cocks, either 
from a stationary reservoir under the required pressure, or by means of air- 
pumps. For the purpose of increasing the elastic force of the compressed ait, 
it is allowed to enter through pipes and cocks &\ d \»\to a. OrXii cjW&w * ■. 
placed above the two, and extending over one uf ttais "Wemvue^ wte *s 
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middle of this third cylinder there is a small furnace, whereby the air is heated, 
and its expansive force increased before entering the working cylinders of tie 
engines, which are situated at /. This beating is chiefly effected by a pipe g, 
proceeding from the furnace, and entering a aeries of tubes contained ir •'-- 
cylinder e. When the air has acquired sufficient elasticity, it is adm 
through a pipe- h into the slide valves i, and thence into the cylinders ; 
valves being worked by eccentrics and rods in the usual manner, as partly 
shown. The force is communicated by the piston rods to connecting rods at 
i n, which t'ivt rotation to the cranks at o, the shall ji, and the drums q, which 
are connected by bands or straps to the drums at j ,* these being fixed upon tl 
naves of the running wheels 11, communicate motion thereto, and propel il 

Steam may be generated by the furnace /in a small boiler or pipes, and be 
then conducted to the cylinder e, where giving out a portion of its heat to, and 
combining with, the compressed air, the air is thereby rendered more elastic. 
The heal or steam from the furnace /may be conducted to the engines (without 
using tile third cylinder r r), and there unite willi the compressed air from the 
Cylinders. 

Mr. Wright does not describe, but merely mentions that the man having 
churge of the machinery may, by " any proper connecting gear, control the 
working of the engines, valves, cocks, and force pump, and stop or abate the 
speed of, or set the carriage going, as may be requisite ;*' and he proposes that 
an eccentric motion be added to the shaft p, which, by a connecting rod, shall 
•' work n pump, to compress and force air into either of the cylinders, when the 
carriage is going down hill, aud which will serve also as a brake to check the 
speed in descending." When the carriage is to be guided out of the straight 
line, the winch-handles 1 1 are lobe turned round, and a bevel wheel on their 
shall 3, acting on another bevel wheel on the end of the upright rod 3, commu- 
nicates motion te the pulley 4 ; upon this pulley are attached the ends of two 
chains, S, their other ends being connected to the pulley 6, upon the shaft 7 ; 
on this shaft is another pulley S, with the ends of two chains 9 9 fastened to it, 
their other cud being connected to the opposite sides of the axle of the fore- 
wheels, upon motion being given to these drums, the chains are wound on and 
otf them, and cause the axletree 9 9 to turn out of the right angle to the track 
of the carriage, thus causing it to travel in a curved line. At different stations 
on the road on which the carriage is intended to travel, strong inetal reservoirs 
are to be placed, which are to be filled with atmospheric air, compressed to the 
required density by a common force pump, worked by steam or water power. 
r'rom these reservoir: the air is to be passed through proper connecting pipes 
and cocks into the cylinders 1 6 contained within the carriage, for the supply of 
the en tines. 

Mr. W right's patent also includes a rotative engine, to be worked by air or 
•team. for propelling the carriage, which possesses no peculiarities demanding 
of notice in this place. The claim as to the application of the locomotive 
power, relate* " lo (he propelling, drawing, or moving wheel carriages by the 
■feiicv of compressed air, heated and used in the manner above described." 

Mr.Cttve, o) Chell House. Slaftijidshire, took out a patent on the 1st of July 
1830, fir " certain improvements iu the construction of, and machinery for, 
locomotive ploughs, harrows, and other machines and carriages,'' in which bis 
chief object* appear lo be twofold ; Jfns, the enlargement of the wheels on 
which the locomotive engine fa supported and moves ; and ttcond, the 
enlargement of the radius of the crank, by which the rotation of the bearing 
wheel* is produced. He considers that the bearing wheels might be varied 
a** in dm! to circumstance*, from about five to ten feet; and that the radius of 
Um retail should vary, according to the quality of the road or land, if employed 
| and harrowing, on which they are to be employed, from about 
. ir incur*. 
lieuuUt lias, we believe, under the signature of Smtrla, written many 

elJDU* paliers ill the Mtrt u amti Magine, in supoort of hi* theory, of the 

Mljr ui Ituie cranks lo the eSectire kUw if Wo*' « mwiXinvn \t^ua 
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n roads where the hills are considerable, or the obstructions of an abrupt 
nature. It will not accord willi our limits to enter the controversy which has 
arisen upon the subject ; but we will just briefly stnto, that from a cursory 
glance at the matter in dispute, it appears to us that Saxidu considers the 
propelling power is exerted only in a vertical dsri-t-iion downwards; and lliat 
consequently any obstacles, such as a stone lying hefbre the path of a wheel, at 
a greater distance from the lowest point of it than is the length of the crank, 
cannot by any power, however great, be surmounted. But on the other band 
it is contended, tbat the propelling power acts uniformly throughout the circle, 
the same as if it were communicated directly by the piston of a rotatory engine. 

A machine for " propelling carriages, vessels, and locomotive bodies," was 
invented and patented by Mr. Robert Crabtrte, of Halosworth, in Suffolk, on 
the 4th of July 1W1!!), Lie arrangement of which exhibits considerable mecha- 
nical skill ; but (be " principle ' of its locomotive action having already heen 
patented by Mr. Holland, as described, by us in a previous. pa^e, Mr. Oabtree's 
ingenious modification will serve him but little; there is, however, no proba- 
bility that either can be brought to compete with the machinerj now in general 
use, on account of the greater degree of friction and liability to derangement, 
which numerous reciprocating lev era must necessarily cause over the continuous 
rolatory movement. Mr. Lrnbtree thus explains the nature of bis invention, in 
the hitioduclion io Ins spci-ifcation : — 

"This invention consists in a machine or apparatus, or arrangement of 
mechanism, which is put in motion by means of a pendulum, or lever, acting 
upon two lever chains, or systems of levers, commonly colled " laiy tongs," 
which, by their alternate expansive and contractile motion in propelling 
weights to and fro upon a main beam, balance, or lever, act by means of cranK 
rods upon the cranks or piddle wheels in illation lo ihscj, and upon common 
wheels in relation to carriages, and upon toothed wheels, drums, straps, or bands, 
in relation to fixed machinery ; anil also I'v means ■■( propellers in relation both 
to Vessels and carriages, thereby producing progressive motion." Mr. Crabtrce 
then proceeds, by means c f drawings, lo show the application of the invention 
to the propulsion of vessels ; by one method be gives motion to a paddle wheel, 
and by another to propelling slicks, which me lo push out against [he ground at 
the bottom of a canal. Having described ihesc navi^;itiug propellers, the 
patentee observes that, " tt is obvious that the same mode of operation equally 
applies to the propelling of locomotive bodies upon land ; for which purpose, 
nothing more is ntoessary than to apply the cranks to the axes of the carriage 
wheels, instead of the paddle wheels, or to propel them by the action of the 
main lever on the propellers." 

The next candidate for the Itoyal letters appears to be Mr. John Moore, of 
the city of Bristol, to whom they were granted utj I be JJOlh of September, 1 H'2(>, 
for "certain new or improved machinery for propelling carriages; also for 
propelling ships, vessels, or other floatim: bodies, and for guiding propelled 
carriages, and apparatus for condensing the steam of (be sleam-engines after it 
has propelled the steam-engine pislon. The dclails of all these things would 
occupy too much space, and the quality of the inventions do not seem to 
require it from our hands : .ve shall, there fore, brirflv notice the principal heads. 
and refer the reader to the inrolled paivhmeul " for further particulars." The 
propelling is effected by a series of vibrating levers (actuated by a steam 
engine), and < pcratiug upon the running ivhvels of [lie carriage. The mode of 
•'guiding propelled carriages" is by menus of a vertical spindle carrying a 
pulley, around which a cord or chain is passed as well as around other pulleys, 
by which the frame of the fore wheels is placed at [be required obliquity fo the 
perch ; and the mode of condensing the strain, after il has propelled the piston, 
i> by allowing it to escape from the eduction- pipe, into a box opened to the 
atmosphere. 

A patent for "certain improvements in steam boilers, and in i 
connected therewith, " was taken out oil '.he 2d of 'No\c\nVt, Vs'l'.'.Vs t«i« 
Viaey of the Itoyiii Arlillerv ; the specirkittum kit w\vmj\\ ivvtams \\*, *; 
«wu<(, first, tit a boiler made up uf a series ot c^WlY&Et* »* V*m»,' 
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character. It was our intention to have inserted some drawings and descrip- 
tions of idem, which we have been promised, but their non-arrival at the time 
we are going to press, obliges us to omit them. In lieu of them we shall here 
insert the inventors' own account of the construction and performance of their 
carriages, as given in evidence by them before a Committee of the House of 
Commons in 163]. 

"Mr. Nathaniel Ogle examined.— Has (in conjunction with Mr. Summers) 
combined the greatest heating surface in the leant possible space with the 
strongest mechanical force, bo that they work their boiler at 250 lbs. pressure of 
steam on the inch with perfect safety. Their experimental vehicle, weighing 
about 3 tons, has been propelled from London to Southampton, and on the roads 
in the vicinity of Melbrook, at various speeds. The greatest velocity obtained 
over rather a wet road, with Miches of gravel upon it, was from 32 to 35 miles 
an hour, and, on a good road, could have increased that velocity to 40 miles. 
They have ascended a hill with a soft wet bottom, rising 1 foot in 6, hut at 
rather a slow rate. They hnve ascended one of the loftiest hills near Southamp- 
ton, at 16J miles an hour. Went from the turnpike -gate at Southampton to 
the 4-mile stone on the London road, a continued elevation with one very slight 

descent, at a rate of 2 1 j miles an hour, loaded with people Their present 

experimental boiler contains 250 super liiia] f. ct of In-iiiing surface in the space 
of 3 feet 8 inches high, 3 feet long, and 2 feet 4 inches broad, and weighs about 
8 ewt. The two cylinders communicate by their pistons, with a crank-axle, to. 
the ends of which either one or both wheels are affixed, as may be required 
One wheel is found sufficient, e\eeiiling under very difficult circumstances, and 
when the elevation is about 1 in C, to impel the vehicle forward. Explosion is 
impossible, because the cylinders of which the boiler is composed are so small 
as to bear a greater pressure than could he produced by the quantity of fire 
beneath the boiler; and if any one of these cylinders should be injured, it 
would become merely a safety-valve to the rest. Have never, even with the 
greatest pressure, burst, rent, m injured their boilers; and they have not once 
required cleaning, after having been twelve months in use. Work usually at 
a pressure of 217 lbs. on the square inch, but they have worked at a greater 
pressure than that. Always travel wil.li (be safeh-valvc mi tin- left ; when the 
lire is only moderately good, the steam is always blowing off, even up the 
steepest hills. Tile fuel they use is soft and good coke; and there is no smoke. 
When going at 10 miles an hour, can stop within a less space than a carriage 
drawn by horses can. Their present carriage has only three wheels ; so lhat 
(he centre or guiding wheel rolls that portion of the road which has been 
hitherto cut up by the action of the horses* feet. The front wheel is 4} inches 
broad in the tire ; the two hind ones about 3 inches broader, that the carriage 
can draw double its own weight very well. Has seen nineteen persons upon it 
when going at the rate before mentioned. Thinks the injury done by steam 
Carriages not one-half of that which is caused by horse-drawn carriages. Their 
wheels are cylindrical, with flat tires, and Ij feet. C inches in diameter, Have 
never met with any accident ; not one bolt, not one screw, has ever given way 
during twelve months, and under circumstances which would have destroyed 
any other carriage. They have, beyond all question, i ralmd the power of pro- 
pelling vehicles of any weight at any required velocity, and the remaining 
improvements they are engaged in regard slight details merely. Finds from 
experience that the larger the cylinder the better." 

" Air. if. y/lliuft Summers, engineer, examined. — Has superintended the 
building of two steam vehicles ; the lightest of the two weighed about 2 tons 
10 cwt. Travelled in it when there were ten persons upon it, at the average rate 
of about 6 mile?. an hour, from (."irble-sdvH, Wellclose-niuai-e, London, to within 
two and a half miles of Basingstoke, when the crank shaft broke, and the car- 
riage was put into a barge and sent back to town. This is not the cariiage, 
however, to which the previous evidence of Mr. Ogle refers, nor is it upon the 
same principle, except that the boiler with wli'icV. it. was fanuAuA \w» Nsawew 
transferred to the vehicle described by Mr. Ogte. Wnen gomo, Vo "6s»" 
(he speed, but were unable to ilo it, \iecaxiae liv; * 
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engines would not consume t lie ipiantitv of ateam generated. There were three 
cylinders, each ! inches in diameter, and the stroke of the piston in each was 12 
inches; in the carriage described by Mr. Ogle, the cylinders are 7l inches each, 
the diameter and the stroke of each is 18 inches. Has travelled in this new 

carriage 15 miles per hour, with nineteen persons on the carriage Has 

no doubt of its heing able to carry 3 tons at the rate of 10 miles an hour, 
exclusive of its own weight ; and. after certain improvements which they have 
in view arc completed, feels assured that much greater weights may be carried at 
that rate. Has never tested this by experiment, but grounds his opinion on having 
seen the steam blowing off at both safety valves with tremendous violence when 
travelling at the rate of upwards of .10 miles per hour. Has continued travelling 
nt the rate of 30 miles an hour 4.) miles very frequently, and could have con- 
tinued longer bad ilu.y not required ti fresh supply of water, the tank not being 
quite large enough. Since the last improvement it) the fumaee, they have 
never found any difficulty, when the fire is in good order, in travelling over the 
worst and most hilly roads. On arriving at the brow of a hill, they throttle or 
wire-draw the steam, in order to check the velocity of Ihe engines ; and when 
they find the lull Is so steep that the carriage would run faster than they wish, 
they attach two drags to ihe hiiid wheels, and with the foot, they press on one 
drag, or bath, as may he required, and by that means regulate the velocity of Ihe 
lot, however, prevent the wheel revolving ; it consists 
ir strap, which goes round n portion of the tire of the 
wheel, and the power of breaking is multiplied by levers to a very great extent. 
Were the carriage to go at the rate of 5 miles an hour only, instead of 10, it 
would be able to carry a much greater weight ihan 3 tons ; cannot exactly say 
' w much, lias used water of every description, but has never found the boiler 






r 



in the least encrusted. Every time, after arriving at a journey's end, they open 
a coek communicating at the bottom of the boiler, and perhaps it may be that 
they do not give the extraneous matter time enough to rest. Proved the boiler 
before it was put into ihe steam carriage at ;!0 I lbs. an the square inch ; it will 
support 740 Ihs. Work usually at a pressure of from 240 to 260, which they 
find more economical than any other. The surface of iron exposed to the lire 
and heated air is 245 superficial feet ; the weight of the boiler is 8 cwt. 2 qra. 
The iron is about one-tenth of an inch thick. Thin boilers lost longer in pro- 
portion than thick ones, because the heat passes sooner through into the water, 
and has not time to act upon the iron. The passengers are placed in front and 
the middle of the vehicle ; the boiler cntiiclv behind ihe body of the carriage 
and the passengers. Has never had any accident from horses being alarmed ; 
the noise is not so greal as that of a vehicle drawn by hnrses. Considers the 
mode they have adopted of disposing of the ivastc steam preferable to that of 
Mr. Slepiieiisou. Instead uf blowing it into the chimney, ill order to cause a 
draft, they have a fan or blower, which is driven by the engines when in opera- 
tion, and this gives intensity uf heat in the furnace. The waste steam from the 
engine goes into a double easing round the funn.ee ; the)' admit a small portion 
underneath the fire-bars of the grate, and allow the remainder to expand 
itself into the double casing, after which it comes over the top of the fire and 
escapes in the form of invisible vapour. Finds this better than throwing the 
steam direct into the chimney to produce a draft; because where this is 
done, the aperture must be so much diminished that the waste steam is choked 
in escaping from the engines, and produces a greater loss of power than is 
required for working the fan. Finds that, when travelling on a paved road, 
and that of a rough description, they do not consume more than the fourth of 
the steam they do on a soft gravelly road. The steepest hill they have ever 
ascended was 1 foot in 6 ; that was the hill at Shirley, for a distance of about 
200 yards. Both the wheels were in gear at the time, and there was not the 
slightest symptom of their slipping. Ascended it at a velocity of nearly 5 
milfi mi Stiinr, wilh fourteen or fifteen persons on the carriage. Can atop the 
vehicle within a distance of 12 feet .... TVie engine " calculated at 20-horse 



the 19th of July, 1830, a patent was waixci Vo TAetsfi. Uowe ™J.Y*»», 
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of Albany-street, Louuoii. fur " improvements in steam carriages and hi 
boilers ; and a method o!' producing draft." The specification of llieir patent 
contains a description, with drawings, of a complete locomotive carriage for the 

The boiler is entirely composed of stout wro.ight-iron tubes, having an inter- 
nal diameter of an inch and three-quarters. The length or number of the tubes 
are, of course, arbitrary, depending upim the capacity of the boiler; in the 
instance before lis, the boiler consists of 12 tubes; each individual tube it bent 
into a spiral figure of three turns, which are of equal diameter or breadth. 

The first spiral tube thus formed, would contain within its coils a cylinder of 
1 foot in diameter ; the second spiral tube is curved in a parallel line to the 
first, but of about four inches greater diameter, so that it will lie outside of the 
first, and exactly circumscribe it, leaving hoi v.- ecu (lie tun a space of about an 
eighth of an inch, liach successive tithe of tin; whole twelve is curved in like 
manner, the coils of the whole being equidistant, but the diameter of each 
separate spiral is in succession 4 inches greater than the preceding one. Uy 
this arrangement, it will lie perceived, is produced a spirally inclined plane of 
tubes, which are inclosed in a cylindrical ca.se; tit the bottom id' lids the fur- 
nace is situated, about one foot beneath the lowest ends of the tubes, and 
occupying the whole area of the circle. The upper ends of the range of tidies 
open into a siren;.: receptacle, biine; secured in both in a thoroughly steam-light 
manner, by means of hullow screwed holts, with nuts and collars, in the follow- 
ing manner :— A small tube Is fixed to the end of each of the spiral tubes, and 
each of these small tubes is passed through the receptacle, and the shoulder 
formed by the ends of the large tubes are, with suitable packing interposed, 
brought, by means of screwed nuts, close up to the side of the receptacles : 
these receptacles are slrtjiijr tubes, elliptical ill their transverse section, and 
flattened at their conjugate axes, for the convenience of screwing up firmly. 
For removing the deposit from the water at pleasure, solid plugs are screwed 
into the ends of the small tubes, which can be taken cut whenever required 
for that purpose. By the arrangement described, it ivill appear that the heat 
from the circular fire, about 4 feet 6 inches in diameter, impinges vertically 
upon a similar extent of the boiler above; thence ascending the current 
Winds round between the coils of the inclined plane of tubes, which form- 
ing the flues as well as the boiler, the heat is abstracted in its progress, by an 
economical consumption of fuel, through the small spaces between tile con- 
centric spirals, Ihe heal. a! air ->ml Haines escape ran of the spiral current, and 
by completely enveloping the tubes, materially augment Ihe production of steam. 
To increase the combustion, an exhausting lan-wheel is placed immediately over 
the boiler, revolving on a vcrlieal spindle, which passes through the centre of 
the boiler and furnace, and is actuated by suitable gear put in motion by the 
ngine. To avoid the inconvenience that might be experienced from the escape 
o' the gaseous products of combustion upwards, the patented propose to dis- 
pense with the use of a chimney, and by enclosing the upper part of the 
fan-wheel, and surrounding the boiler with an external casing, cause the 
vapours to pass downwards against the ground, nndenii ath the vehicle. The 

Estentees likewise propose to force a mixture of highly rarefied steam and 
eated air through the ignited air in the furnace along n pipe, that makes 
several coils around the ash pit, before entering a chamber immediately beneath 
the great bars; into this chamber by another pipe is also introduced steam, 
the mixed air and steam from this chamber proceed through u series of short 
vertical tubes and the hollow bars of the ^rate, and thence through certain 
perforated nozzles into the tire in minute jets. 

In the centre of the boiler is situated the Hoat chamber; this is of a cylindrical 
form as far aa the boiler extends; but Ihe lower portion, which passes through 
the furnace, and the bottom of the grate, is tapered oil' to a reduced diameter, 
making the figure of an inverted fmstrum of a cone ; to the lower end of tl ' 
vessel ia screwed an iron cap, and the upper end is closed itv like manos 
psaiing through both the-.' o;qis and the inindle of l\ie cWtvcaei, "t» »■ tw» 
piece of lube Hxed "stanch " to the caps \>y scichco. uvrts a.wi.'^tt'^ai^. 
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eftrl Ada gfaatoN ; 
aad there is, perhaps, » better node of attaiwUe; the abject of the patentee, 
than the one he has adopted. The ML it will be sees, bat nfficieDt play by 
lentnc one side [urn against a conical piece e, formed ipbeiJeaDT on its inner 
edges, and bringing out a bo» / from the outer plate, baring a* fta end a 
concavity, which fits the ipberieity of the ball ; and m that opposite cavities 
may ha Made to recede or approach, by means of the atrew-bolu gf, which 
connect them, they thin afford ready means of adjusting the surfaces, «o as to 
make the axis work pleasantly. 

Some improvement* in the construction of wheels for railway carriages were 
patented on the 3Iit of August, 1330, by Mr. Wm. Load, of Beniom House, in 
Northumberland, a gentleman whose experience and knowledge in matters of 
this kind entitles hia suggestions to the attention of the public. 




The nature of this invention will be at once understood from inspection o 
/'i<y'. I and 2, where a a a a represent the tire and flags of a wrought-iron 
railway wheel ; bbbb spokes which are to be made dove-tailed at one end, and 
cast into the nave e, as shown in section at cV, Fig 2. The other end of the 
spoke has o right angular crank bend, as shown at ///, Fig. 1 ; being curried 
round the circle to the next spoke ; and thus each spoke and its adjoining 
felloe are made of one piece of iron. By means of the crank bend at the end 
of the spokes, one felloe is permitted to pass over the end of another, and at 
tilts double part they are securely fixed together by strong screws, as shown by 
(lotted lines. The tire, which is formed in passing finally through the rollers 
at the iron works, with a recess for the felloe, and a ledge to keep the carriage 
on (be railroad, as represented at a a; and it is to be heated and fitted on the 
wheel in the usual manner, that it may contract and firmly grasp the wheel 
when It contracts in coo! ins. The ends of the spokes, too, must be made hot 
before the nave is cast upon them, that the junction of the two metals may be 
the more perfect. It is staled that it may be sometimes found more convenient 
to weld several pieces of iron together than to bend one piece twice at right 
angles. It is likewise stated that the spoke miiy be sometimes with advantage 
welded on the middle of a piece extending along a ring constituting the felloes 
in 1niI.1i directions. 

Messrs. W. G. and R. Heaton, of Birmingham, have built several steam 
carriages which have operated with vario-.is degrees of success in their own 
neighbourhood. Their patent is dated the 5lh of October, 1830. The 
complicity! nature of the machinery exhibited, in the specification of this 
patent, renders it (jiiitc ini|>r),-.il.k' ;<> make il fully unJcrstood without a series 
of drawings, and a detailed description, for which we cannot find room in this 
article. We shall therefore confine ourselves to tin outline of the methods 
which the patenter.'!, ,ul"pi to aecumpliili llic nbje-d. they have in view that of 
-'■' r e carriage, and the management of the ?team apparatus, 
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that the power and speed may In. 1 accommodated to the nature of the road, 
the quantity of the load, &c. For (he purpose of steering the carriage, a vertical 
spindle is placed lit some distance before the axle of the front wheels, ami ■'" 
its lower end a small drum in fixed Around this drum is coiled a chain with 
its middle fixed upon the drum, and its ends made secure to the front axle at a 
considerable distance from the middle, so that the chain and axle may form a 
triangle with the drum, situated at the angle opposite the longest side. The 
other end of the vertical spindle is connected with a frame situated in front of 
the coachman's, or rather the steersman's scat; and here is fixed upon the 
spindle a horizontal beveled -toothed wheel. Over this wheel an axis extends, 
terminated in two crank handles proceeding from the axes in mii'dent rSirectioriH, 
so that one will he down when the other is up ; and upon this axis is fixed 
another bevel ed-toothed wheel taking into the first. Now It is evident when 
these wheels are turned in one direction the right-hand fore wheel of the 
carriage will be advanced, and the coach will he turned towards the left, while 
if they be tamed in the other direction, the left-hand wheel will he advanced, 
and the carriage will be turned towards the right. This plan of steering will 
he immediately recognised by our readers as the same with that adopted by 

The driving wheels, or those to wliich the powrr of the engines is to be 
applied, are connected with the axle by means of a pair of ratchets furnished 
with a double set of ratchet teeth and a reversing pall By this contrivance: 
one wheel can be advanced or backed while the other is stationary, or moving 
in a contrary direction ; an arrangement which becomes necessary in the act 
of turning and hacking. The means of acting upon the reversing pall is 
brought within the reach of the steersman by means of a set of connecting rods 

Motion is communicated to the driving wheels by a double set of spur 
wheel gear, arranged to give different powers or velocities, by having both a 
large and a small wheel fixed on the driving as well as the driven axis. By 
shifting the large wheel on the driving axis into gear with the small wheel or 
the driven axis, speed is obtained; and by shifting their relative position [ill the 
small wheel on the driving axis tunics into gear with the Inrge wheel on the 
driven axis, power is obtained at the expense of speed. These two axes are 
kept at the same distance from each other by means of connecting r<"is. 
notwithstanding the relative position may be changed by the motion of the 
carriage on rough roads. 

These patentees do not claim novelty in any one of their arrangements in a 
detached form, but only the comb i mi linn of the whole, as they have described 
them in their specification. A principal merit of the arrangement seems to he, 
that all the adjustments are brought within reach of the man having the guid- 
ance of the carriage. 

An American inventor communicated to Mr. Giilci of Birmingham a new 
modification for a carriage or waggon, fur wliich the great sen! was obtained 
on the 4th of November 1830. The invention consists in the adaptation of the 
wheels of carriages to what lias been called a perpetual railway, ft is formed 
by a circular rib or rail placed round the interior of the felloe of the wheel, 
upon which circular rib a small wheel with a grooved periphery ia intended to 
run, which small wheel bearing its portion of the burthen of the carriage, 
by running upon a smooth even surface, it is presumed will greatly facilitate 
the progress of the carriage, when the larger or running wheels pass over heavy 
or uneven ground. In the annexed cuts are represented by Fiy. I a side 
elevation of the large running wheel, and the situation of the smaller one that 
runs on the inside of its felloe ; and Fig. 2 shows a sectional end view of two 
such wheels, with their little companions, applied to a tram waggon ; a a is a 
large wheel of a common description, and turning loosely (with considerable 
play) on the axles b b, which is made in the form represented to obtain 
considerable strength, and having strong curved arms which form the axes of 
the little wheels c c ,* these are grooved on their peripheries to fit the circular 
edge railways d d, fixes inside the felloes of the large wheels. "~~ 






RAILWAYS AND LOCOMOTION. 

jagk the rwnisg wheals w2 paw* m the gram 
i, jet tfce weight at* tie esarisge atai fa bnnhen a b 




weight, and upon which the carriage travels, move upon a smooth, even 
perpetual railway on which there is tittle or no resistance." The patentee, 
however, omit* to notice the obvious bet, that the little wheel does not assist 
the great wheel out of the mire, bat rather tends to sink it deeper by reason of 
its weight and the heavy incumbrances it entails, to say nothing of the extra- 
friction caused by an unnecessary increase of rubbing surface in the multiplied 

" This contrivance," the patentee adds, " is equally applicable to the wheels 
of any kind of carriage, and is only shown in the drawing as adapted to a tram 

waggon for the purpose of Qlastrating its peculiar construction and adaptation." 
A similar invention was patented by Mr. George Hunter of Edinburgh in 1826. 
Messrs. Bramleyand Parker, of Mouhley Priory, in Surrey, received patent 
grnnta for their improvements in locomotive carriages, applicable to rail and 
other roads; which we shall very briefly describe, as they do not appear to us 
likely to become of much practical utility in the present state of the art of 
locomotion. The improvements contemplated arc of three kinds. The first 
consists of a carriage to be propelled by horses, working a pair of tread-wheels ; 
the second of a light carriage to be propelled by one or more men, resting with 
their chests on cushions, and communicating motion to cranks by pushing out 
with their feet, as in the act of swimming ; the third consists of an arrangement 
for preserving the box of the wheel on the end of the axle. The latter plan is 
very deficient in novelty ; the other two arc modifications of many similar 
propositions to obtain mechanical force from animal agency ; but we cannot 
agree with the ingenious patentees that they are " certain improvements." The 
detail* of these inventions, with the amusing illustrative drawings, may be seen 
at the " Sii clerks' office " in Chancery-lane. 

Mr. Gordon, in his Treatise on Locomotion, page 58, states, that in the beginning 
of the year 1831, the directors of the Monklanu and Kirkintilloch railway, near 
Glasgow, directed their engineer to make out a plan and specification of two 

"'ve engines, able to drag 60 tons gross weight at the rate of 4 or 5 miles 

This was done ;n-.. ■■■i , .ti:i^K ■. arid the engines contracted for by Messrs. 
Murdoch and Aitkcn engineers, Hill-street Glasgow, who brought the first 
a the railway the 10th of May, and the second upon the 10th of Sep- 
ber the same year. Both engines travelled several miles upon the railway ; 
first day (hey were brought out of the yard at Glasgow, and have since, 
ig a course of eighteen morttW trial, proved InetweVi es, the most efficient 
let of the kind ever made in tne s,uigic.m,\icmg c^aWeot taVatej.V) «st» 
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■ level railway, than any engine yet made of the samp she of cylinder 

with a. pressure of 50lbs. to die square inch upon the boiler. The tine of railway 
on which these engines daily travel is one of the very woysl description for the 
effectual working of such engines, being S,j miles in length, with numerous 
abrupt curves and descents. The descents are 1 in 50,1 in 116,1 in 120, &c. ; 
the curves ore of a radius of 344, the arch 33* feet ; radius 400 feet, arch 650 ; 
radius 700 feet, arch 545 feet, &c. The descenti being in favour of the load, 
the bringing up the empty waggon is considered the heaviest work, yet one of 
these engines has frequently returned from Kirkintilloch, where the railway 
ends, with 50 empty waggons, in the ordinary course of trade, the weight of 
which being about tiO tons; but when loaded, they carry a gross weigh! of 
about 200 tons. The daily load of engine, is from 20 to 50 loaded waggons, 
according to the circumstances, and trade occurring on the road. One of the 
great improvements on these engines is, the metallic packing of the pistons, 
which are the first of the kind ever used, and of such a description, that the 
2 engines have not cost one shilling in IS months for packing, and use neither 
grease nor any other unctuous substance whatever for the cylinders, since their 
commencement : another, and perhaps the greatest advantage of these pistons, 
is the economy of labour, the reduction of friciiop. and the saving of fuel 



In the report by the directors of the Monkland and Kirkintilloch railway, to 
the proprietors st their general meeting on the 1st of February, 1832, these 
engines are noticed in the following manner : — " Your committee have, as 
mentioned in last year's report, built two locomotive engines, which have been 
in employment on the railway for nearly six months, and the whole of the trade 
from the coteries to Kirkintilloch is now drawn by these machines. The com- 
mittee, after much consideration, devolved the whole form and plan of these 
engines to Mr. Dodds, the superintendant. It was strongly urged by some of the 
proprietors that these engines should be got from England, and that the im- 

Srovements of the engines adopted on the Liverpool railway should be intro- 
uced in constructing those for the Company. On inquiry, however, no certain 
data could be obtained whereby to calculate what would be the expense ol 
maintaining in repair such improved engines ; and it was also ascertained that 
they were very hable to be deranged, when working at the high speeds for 
which' they are calculated. For these reasons, the committee devolved on 
Mr. Dodds the entire responsibility of the planning of the engine, and the 
result of their confidence has been in the highest degree satisfactory. Mr. Dodd*, 
in his plan and specification, adopted none of the recent improvements, except 
that of the copper tubes, suggested by Mr. Booth, giving however a great 
additional strength to these tubes. The contract for making the engines was 
taken by Messrs. Murdoch and Aitken, Hill-street, Glasgow, and the committee 
are satisfied with their performance, except as to the time taken by them in 
famishing the second engine. This is no small praise, considering they were 
the first locomotive engines constructed in Glasgow. 

" The excellence of Mr. Dodds' plan and specification/so far as several months' 
trial can he considered a proof, is most satisfactory, as the engines have never 
been one day off work, except on two occasions, when injured by the malice or 
carelessness of certain waggoners on the road. On the other hand, the engines 
procured from England, by an adjoining railway company, (the Gamkirk,) have 
been repeatedly taken off the road, on account of needing repairs, &c. Since 
the date of this report, these engines have done all the trade to Kirkintilloch, 
and other places, for another year, and have not been off one day, or employed 
a single horse to assist them. These are facts, and the best criterion whereby 
to judge of their real performance, or to make comparison between thero and 
other railway locomotive engines. 

The cut on the following page is a view of this cneme, ViCtt fee \sxAsx 
attached. The connecting-rod between the two w\iee\s \\w& aAwffl wt& wkYv.v 
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i scarcely possible to extract the truth. Before the Committee of the 
Home or Commons in 1831, Mr. Gurney staled that his first carriage) neighed 




t prevent his "scientific friend," who had 
" scieutincaiiy investigated n, ironi stating in the " Times " newspaper, that 
"the whole carriage and machinery weigh about lticu-l.,andwii/i the full comple- 
ment of water and coke frtim 20 to 22 cwt." Mr. Gumey further states in his 
evidence — " Th* carriage which ran between Gloucester and Cheltenham weighs 
(by a letter frum a magistrate, produced to the Committee,) nearly three tons ; 
it ought to weigh only 15 cwt. ; if it weighs three tons, there is extra weight, 
of which I know nothing. Those carriages at Gloucester were built principally 
under the superintendence of another person, I think it is passible to reduce 
the Height considerably as improvements go on." We must here make a brief 
digression, to state that we understand the three carriages were built and painted 
exactly alike, so that the public should not know how often they were changed ; 
hence, we have recorded in print by our contemporaries, " a tabular view of 
315 journeys performed by a steam carriage." The "another person," alluded 
to by Mr. Carney, was that very able engineer, Mr. Stone, who was Mr. Gumey *s 
foreman, and superintended all the products of his manufactory. As respects 
the matter of the weight, which Mr. Gumey thinks it /nnitUe to reduce, we will 
just place before the reader, the evidence of Mr. Wm. Crawshay, jun. on 
this point. In the "Cambrian" newspaper, and dated Cyfaithfa Iron Works, 
18th March, 1830, this gentleman says to the editor of the " Cambrian :" — 

" Sir, — As I have reason to expect that a report will be sent to you of the 
arrival of Mr. Gumey 's steam carriage at my father's works at Hirwain, and 
of the experiments made of its powers on a railroad tliere, I think it better 
inform the public (now so much interested in the subject of steam convey an 
through your medium, of the actual facts that have been witnessed in 1 
experiments made, and under what circumstances." 

" Mr. Gurney, at my most earnest request, while I was in London three 
weeks since, consented to bring one of his steam carriages which had bet 
built and adapted for drawing coaches on turnpike roads, to try her powers t 
uiir new railroad on Hit wain Common." Mr. Crawthay then proceeds to >ta 
thai " he had considerable diiiieull.y in persuading Mr, Gmiwj \o wttwV. \n\ 
wishes;" huwever, the latter gentleman at UngiU tmiiMAiA \o s.tn.vX\ *«' v 
retted publi, ; and the engine was sent from lion&on to C^W&sb. \jj\M*"*,' 
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there fitted with out-iron tvhceli, and otherwise adapted to the railroad. Thus 
prepared, " the engine, with water and fuel," Mr. Crawshay says, " weighed 
thirty eait. ! " so that if we admit Mr. Giu-nay'a evidence, and Mr. Crawshay'a 
" actual facts" to be holh tine, we must he prepared also to believe that the 
substitution of cast-iron wheels for wood, and the addition of' the charges of 
water and fuel to a carriage previously weighing about 3 tons, must have been 
thecause of the extraordinary reduction of weight mentioned. After stating this 
" actual fact," Mr. Crawshay makes out a statement of the weight attached to 
the engine being 20 tons. 8 cwt. 2qrs. (the pounds and ounces are omitted.) 
Having " faitlifully detailed " the particulars of this and other experiments of 
greater magnitude, this uiniru in iruu-iu inter slnln, tlitit " in all the cases namtd 
Mr. Gurney's engine has drawn from 15 to 16i times its own weight." 

Now, if we could exclude from our minds all idea of the foregoing pheno- 
menon, and were, for argument's sake, to suppose that Mr. Gurney's evidence 
was on this point correct, does not the "actual fact" data hecome actually 
fictitious? and hence, are not the deductions actual farces? Perhaps Dr. Lardner 
or Mr. Alexander Gordon will help us out of the dilemma in which these accounts 
have placed us. We are anxious only that the unalloyed truth shall be told. 
(Note. — Mr. Gurney, upon being asked by the Committee of the House of 
Commons, " What is the greatest weight in proportion to its own weight, which 
any carriage draws on a railroad?" replied, " A L.iiriu:/.: was "ripiually supposed 
to draw only three times its own weight upon a railroad ; but in some experi- 
ments which 1 made in Wales with Mr. Crawshay, of Cyfaithla Castle, we found, 
in an experiment, that a carriage draws thirty times its own weight I'") 

The valuable testimony of Mr. Crawshay, just noticed, was so highly prized, 
that we find another was boastingly published in the following year, from the 
same gentleman, and addressed to Sir Charles Dance. It is dated, Cyfaithfa Iron 
Works, 23d February, 1832. We regret that our space will only allow us to 
give the following brief extract, which, however, relates to the main point : — 

" As, however, facts of past performances uf any kind are more satisfactory 
than anticipations of 'the future, I beg to state to you, that in the past twelve 
months, between the 1st day of January 1831 and the 1st day of January 1S32, 
the locomotive engine which 1 bought of Mr. Gurney, weighing only thirty-,/?™ 
hundred- weight, including every thing whatever belonging to it, with water and 
fuel in a working state, conveyed 42,300 tons of coal, iron-stone, and iron, exclusive 
of tile carriages on which they were drawn, the distance of 2j miles upon our rail 
at Hirwain, in journeys of from 20 to 30 tons.'as suited our convenience ; during 
which time the entire consiiinpiioii of coal was 299 tons, which, at 3*. per Ion, 
amounts to 44?. 17s,; the wages of the engineer 52/., and those of the boy 
151. 12s. together, exclusive uf the trilling repair of the engine, and the oil and 
other little matters required for its use, 112?. 9.!., or less than one farthing per 
ton per mile, lor the goods ciniveyi'd ; and I must not omit to observe to 
that had there been nearly double the work to do on this road, the engine 
would have done it with little or no increased expense, as she was invririaLk' 
working idle for the purpose of keeping the boiler full, about one half of her 

To readers who do not calculate, this statement appears highly flattering; but 
a very little investigation will, wo think, show it to be the reverse. Let us first 
look to the horse-power exerted by the engine : if we take the usual estimate 
of horse-power at 150?. constant force, at 2) miles per hour, and estimate the 
resistance of the Hirwain railway, which is upon a dead level, and has been 
formed since that of Manchester and Liverpool, at the same resistance as that 
on the latter, which is i„th of the insistent weight, we have 150 X 240 X 8 hours 
X 310 days =89,280,000 lus. ~2240 = 39857 tons drawn by one horse in the 
year. If, however, we take the estimate of a horse's power, made by Mr. Bevan, 
(whose results are much more entitled to confidence than those of any other 
experimentalist, on account of the much mure extended scale of his experi- 

'i,) We sliafl have 103 lbs. as our datum for a horse's power, (being tbe 

force exerted by each liorsc out iA \\\ ,i\ yW^Vui? -.) and this increased 
te we find makes the number oS Wua Oubwq Vj o-qo Wtt'» \w«« 



43,311 
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43,311 in 310 days of ordinary work. This powerful engine, therefore, did the 
work of one of Mr. Sevan's horses. Let us next examine it* economy in the 
consumption of fuel, as compared to other locomotive engines. Mr. Crnwahay 
lays that 299 tons of coal were consumed in drawing the 42,300 tons ; as to 
the price of the coals, the wages, and the waste by idle work, the same circum- 
stances attend other engines on other railroads, and can only affect this calcula- 
tion by unnecessarily mystifying it ; we shall, therefore, not notice them. 
Now 42,300 tons conveyed 2J miles, are equal to 105,750 tons conveyed one 
mile ; and from some experiments made on the Manchester and Liverpool 
railway, it was found that about ten ounces of coal were sufficient to convey one 
ton one mile. But after making every allowance for waste, Mr. Wood, in his 
Treatixe on Railroads (see page 405) considers 1 lh. adequate to each ton ; 
consequently, the 105,750 tons conveyed one mile by Mr. Crawshay, ought to 
have been taken (at 1 lb. per ton) by 47 tons of coal, instead of the 299 tons 
consumed by Mr. Gumey's engine. Mr. Gumey's improvement! in railway 
locomotion, therefore, consist in rendering the cost of fuel six times greater 
than it was previous to this notable experiment, which has gone the round of 
all the journals, and, we believe, hitherto, without commentl 

The friends of Sir C. Dance state, that his carriages were stopped from running 
between Gloucester and Cheltenham owing to there having been 9 or 10 inches 
depth of rough stones laid across the road, at the instigation of the horse 
coach proprietors ; and that, although the power of the engines was sufficient 
for fair average roads, they were " not powerful enough to travel satisfactorily 
on a road so treated ; but Sir Charles Dance had seen sufficient to convince 
him, that little more power than what he possessed would In' sufficient to 
overcome all the obstacles of common roads ; he did not therefore desert the 
cause, but continued his inquiries and experiments, daily becoming belter 
acquainted with his subject, and yet not so well satisfied with himself, bvit that 
he became desirous of consulting practical experience, and this brought him 
acquainted with Messrs. Maudslay and Field, whose practical skill, aided by 
Sir Charles Dance's information, enabled them to fit up one of the old carriages 
in such a manner, as to show results far greater than any (lung which had befors 
been accomplished by steam carriages upon common roads." This alludes to a 
journey to Brighton, the particulars of which we cannot insert, but they are 
given by Mr. Gordon in his Treatise. The connexion between Sir Charles 
Dance and the engineers just mentioned led to the taking out of a patent in 
1833, which we shall notice in its proper place. 

The specification of the patent granted nn the 4th March 1831, to the 
Messrs. Napier, of London and Glasgow, shows, that those gentleman, 
notwithstanding their unquestionable jibiiitv as jiriu-iicil eiii-iueer*, were but 
indifferently informed upon the progress of invention in locomotion. They 
describe their improvements to consist, " First, in communicating the power of 
the engine or engines for propelling the carriage to the wheels, by means of O 
belt, strap, or band, made of feather or sm otMr mjMife lllilfllfcl( mid which 
belt, or band, works upon two pulleys or drums, the one fixed upon a shaft 
connected with lb.- engine or engines, ihu other fixed upon, or connected with, 
the axle or wheels of the carriage ; more than one of which belts may he 
used if necessary. This will be better understood by reference to the cut on the 
next page, a is a horizontal steam boiler, with ;m heiui-pberical end ; at b are 
the two cylinders of the engines working horizontally, and fastened upon the 
boilers ; c e is the framing of engines, wliidi is also fastened to the boilers and 
engine cylinders; d connecting rod of engine ; e the crank shaft of engines, 
upon which is fixed the pulley or drum /, from which pulley (lie strap j com- 
municates the power of the engine to the pulley or drum li, which in the 
present case is fixed on the middle of the wheel axle i ; k k the hind wheels 
of carriage ; I fore wheel of carriage, which turns on a circular plate for the 
purpose of guiding the carriage on the common roads. The boilers and engines 
being firmly fastened together, thus forming one entire piece, is suspended by 
springs n nn, from a frame work o o, resting upon the wbceV twa *sK *«■ 
carriage, and having no connexion with the a£a •. axrtnap <n %tws\e-"«<s£0»*.Vj 







The above arrangement is applicable to common or turnpike roads, an may 
be easily altered to be suitable for railways. The patentees lay no clam to 
this or any other arrangement of the parts of the machinery, but merely 
to the application of the belt, straps or band, made of leather, or any other 
suitable material, with either cylindrical or conical pulleys or drama, to com- 
municate the power of the engine or engines to the wheels of carriages. 

The specification likrwiii? d vol bra sume varieties of a cylindrical boiler 
made with a longitudinal central Hue, terminating in an hemispherical chamber 
or cap, covering the whole of the end of the boiler; from this chamber the 
heated gases are compelled to return through a series of smaller tubes to the 
front end of the boiler, whence they are conducted to the chimney. 
■ We hove already described, at page 109, a patented improvement by 
Mr. Robert Stephenson on the axletrees ol railway carriages. At the period 
we are now treating of, another invention, from the same celebrated engineer, 
presents itself to our notice; it is dated the 1 lth of March 1831, and is entitled, 
" Improvement in the axles and parts which form the bearings at the centres of 
wheels, which are to travel upon edge railways." 

In order to produce rotation in the wheels, and consequently progression of 
locomotive carriages, it is necessary to fix the wheels on the ends of the axles, 
and when this fixture is effected in the usual manner, the weight of the car- 
riage and its contents is supported by concave bearings resting on the upper 
surfaces of the cylindrical ends of the axles, and hence arises a difficulty in 
keeping the rubbing parts constantly lubricated, as the oil supplied to the parts 
in contact will have a tendency to escape by its gravity to a more open space 
on the lower sides of the axles ; and the consequence of this is, considerable 
waste of oil, with an imperfect lubrication. 

To remedy this, Mr. Stephenson employs for each pair of wheels, a double 
axle, consisting of a hollow casing, on the extremities of which the wheels are 
firmly fixed, and a solid axis passing through the hollow casing, and supporting 
on its ends the weight of the carriage, through the medium of hollow bearings 
attached to springs of the usual construction, which connects the bearings with 
the side rails of the carriage, placed ncccssaiu^ on the outside of the wheels. 
-Thus the auppoi leis or u-heels being fi\c<l U> V\ic umewe t«rt» <& Wocarings, 
and the supported weight or carriage being eoivnwAiA VVta fti* «rjwt^ ™ w«i 
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pnrt of the bearings, the oil will have a tendency by its gravity to accumulate 
on tbe nibbing parts, and thus combine a perfect lubrication with an economical 
supply of lubricating material. 

The solid axles are made thickest near their extremities, so that the parts which 
pass through those portions of the hollow axles which are hied into the naves 
of the wheels, and at the same time the apertures of the corresponding parts ol 
the hollow axles, are diminished, both being turned perfectly cylindrical, that 
they may be fitted together with facility, and come into contact only where the 
bearings are intended to take place. 

In September 1831, Mr. G. H. Palmer, of Man Chester -street, Grays Inn 
Road, took out a paten t for a variety of improvements appertaining to locomotion, 
which "we shall proceed to notice. 

The abstract parts of the engine and boiler which he claims as being novel 
either in principle, or as regards their peculiar modification, are, — 

First, The self-regulating blast apparatus, by which the quantity of fuel to be 
ignited in a given time is governed, in order to insure the generation of a volume 
of steam, suited precisely to all the variable speeds and powers of the engine. 

Secondly, The steam calorific self-adjusting apparatus, which ails in conjure- 






lion with the blast regidator, and is so contrived as to lift the weight from the 
lever of the safety valve, and permit the steam to escape from the boiler should 
the aforesaid apparatus fail of instantly checking its evolution. 



Thirdly, The self-acting safety apparatus, by which the security of the Imih-v 
is insured, should the apparatus for supplying it with water fail in its effect, so 
that in the event of the water in the boiler being reduced below a determined 
level, the process of combustion will be instantly suspended, and the boiler pro- 
tected from injury. 

Fourthly, Making the products of combustion evolved from the furnace 
escape into the atmosphere below the level of the furnace bars, which will most 
effectually prevent the admission of atmospheric air into the furnace, excepting 
that portion which the blast and calorific regulating apparatus permits the 
blowers to project upon the fuel undergoing combustion. 

Fifthly, The pipes leading from the opposite ends of the horizontal part of 
the boiler, arc designed to convey (he water (which must be distilled) most 
remote from the direct action of the furnace, to replace that portion which may 
be carried to the tipper part of the boiler by the great vuhune of steam gene- 
rated between the two concentric cylinders. 

Sixthly, To insure a length of stroke in high pressure engines, and that 
without increasing the diameter of the piston rods beyond that which is required 
to withstand the alternate tug and thrust; and without resorting to the very 
objectionable short stroke and piston rod of so large a diameter. 

Seventhly, The slide valves, with their various modifications, requiring neither 
casings nor stuffing-boxes, the patentee claims as perfectly novel ; the action of 
these being seen, admit of mathematical adjustment, and enables the engineer 
instantly to reverse or stop the engine at pleasure- 
Eighthly, For a modification of the crank and beam intended to supersede 
the use of a beam of the usual weight and dimensions, parallel motion, cross 
heads, and costly fittings and bearings connected therewith. This mode of con- 
verting the reciprocating into the rotative motion, the patentee says, " accom- 
plishes the grand desideratum of making one cylinder produce a more regular 
and equalized motion than can be accomplished by two cylinders when used to 
give motion to locomotive engines or paddle wheels." 

Ninthly, The condensation by which highly elastic steam of any temperature 
may be converted into water, without the application of injections, or by the 
extension of surface by making the cubic contents of the condensing chamber 
equal to the number of cubic inches of steam discharged. 

The said condensing vessel to consist of one or more chambers, which may 
be made of light copper or other material. The sphere is preferred, as combining 
strength with great capacity. The conversion of highly elastic steam into the 
liquid state is to be accomplished exclusively by expansion, without regard to 
cooling surface. The patentee claims the making the condensing chamber of 
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Tarnished canvas, silt, cotton, or other suitable air Nod 
al, ao ae to allow of its alternate inflation and collapsing, every 
igine ; and to avoid rapture (should the steam ever arrive at an 
v...„ ,\.„ -™.„™i. — .. — „„— * ;t must be enclosed in a wove 
r and escape with great facility. 



flexible 

.-ii-iim-tight 

:-ifc<>ofth 

,; . ity exceeding the 
;' i-iiij;. to permit the atmosphe] 
.v-'Hit checking the inflation, or collapsing of the aforesaid 
ber. The more this condensing chamber exceeds the proportions given, lbs 
more ellbctual will be its operation, as the steam will expand with less resistance 
ib.iri in a vessel of less capacity, as it more resembles the process of turning 
!ii-:i'v elastic steam into the atmosphere. 

'['he lerm of the engine, as applied to locomotive carnages, will be explained 
by the following figures, and descriptive references accompanying them. Fig. I 
on the previous page, is an elevation showing the disposition of the various parts. 
Fig. 2 is a longitudinal section of the bailer and furnace, showing the flues, 
steam, cylinder, &c. Fig. 3 is a transverse aeetion of the boiler, furnace, and 
calorific regulator, showing its connexion with die blast regulator. Fig. 4 is a 
sectional plan of the lower part of the boiler, furnace, and flues. Fig. 5 is a 




longitudinal section of one of the slide valves with it 
of the seat, showing the steam and a 



Fig. 6 fa a plan 
indenting passages. The same letters of 
reference are used to denote the same parts in all the views. A is the boiler, 
in the lower part of which, and concentric with it, is placed the furnace B, 
secured to it fry flanges, bolts, and nuts. The grate C is supported upon an iron 
frame D, and is retained in its place by a wedge, or other simple fastening, and 
by releasing which, the grate may be withdrawn when required. The furnace 
is replenished with fuel through an aperture in the crown, by means of a pipe 
extending outside; the bailer terminates by two elides or doors, which are alter- 
nately opened when fuel ia admitted; to prevent the discharge of the heated 
gases, a rake is added, working in a staffing-box, to force tta taAtoft* *s»%»- 
net should the pipe get choked. It is the intention tA &v««fc**e*,Wi"?iw. 
to adopt a self-acting mode of feeding the furnace ■«%& ti\e\,Vj wan >*.%»* 
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rollers, or other equally efficient means, and winch will receive their motion 
from the steam-engine. E E E E are four line pipes connected to the top of the 
furnace, and descending below the bottom of the ash-pit, which prevents the 
natural flow of atmospheric air to supply the furnace. 

The exit of the pipes being carried below the level of the furnace, is adopted 
in preference to cocks, or such like contrivances, in conjunction with the blast- 
regulating apparatus. F F ore two circulating tubes, by which the annular space 
round the furnace is more uniformly supplied with water. G, a pipe with its 
valves, through which (he supply of water to the boiler is injected, to replace the 

Suanlity evaporated. II the injecting pump for supplying the boiler with water ; 
, the blowing apparatus, for injecting tin.' re-quisle qimtiiiiv of a tin osph eric air 
into the furnace. K, a pipe through which the atmospheric air is injected into 
the casing L, which surrounds the uhrfnt, batWMfl wluoh a com 
formed by perforations in the lower part of the cylinder which c 
furnace; the Mast is by this means rendered less partial in its action on tne 
fuel . To one extremity of the pipe K is attached a regulating valve or cover M, 
which, when closed, prevents the exit of the air contained in the pipe, — the 
quantity of air discharged through this aperture depends on the area of the 
opening given to the valve. It is opened or shut, or otherwise adjusted, by 
means of a screw and handle, or may be operated upon by any other conve- 
nient means. This valve is used for regulating the quantity of atmospheric 
air passed through the furnace, suited to all the variations of resistance. To 
the other extremity of the pipe K is adapted a hinged valve or cover N, so 
weighted as to counterpoise the pressure of the air within ; the pipe, when 
closed, compels the air discharged by the blowing apparatus to pass into the 
casing L, and from thence into the furnace, through the flue-pipes E E, &c, into 
the atmosphere, excepting that quantity which may be discharged through the 
valve M. The use of this valve is to limit the temperature of the water, and 
consequently the pressure of the steam in the boiler, by permitting, when open, 
the discbarge of a great portion of the atmospheric air otherwise required for 
combustion. To effect this object, the valve N is connected by levers O PQ, 
with their necessary rods of communication, to the calorific regulating apparatus 
R, which consists of a piston of sufficient area to overcome the resistance 
opposed to it, working through a stuffing-box in a cylindrical syphon tube, con- 
taining a quantity of mercury as a medium by which the shram, passing from 
the boiler into the regulating chamber, acts upon the aforesaid piston. S, a 
safety-valve, with its graduated lever and weight ; a loop T is formed on the 
end of the lever, and embraces the screwed end of the regulator piston ; when 
the nut V comes in contact with the loop, the lever and safety-valve are lifted 
effectually, preventing the occurrence of accidents, should the safety-valve 
remain closed beyond the limiting pressure. The action of the safety-valve 
and lever is rendered simultaneous by two small connecting links. At X is a 
chamber attached to the crown of the furnace, and connected by a tube Y, with 
a piston and cylinder of precisely the same description and construction as that 
used for the calorific regulator ft, and may be placed in any convenient situa- 
tion for operating on a safety slide cock or valve Z, which, when the water in 
the boiler has evaporated so low as 1o endanger its safety from a deficiency of 
supply from the force-pump, is closed, and completely prevents the passage of 
atmospheric nil into the furnace — ihus combustion instantly ceases, the ignited 
fuel being deprived of air. The motion communicated to the piston by the 
steam generated in the chamber X, operates on the levers shown, until the ver- 
lir:al lever rising with the piston, the detent passes the projecting fin, wheu 
the slide Z is instantaneously released, and falls by its own gravity, completely 
closing the passage through "the pipe K. The combustion being suspended, the 
temperature of the water, and consequently the pressure of the steam, is 
instantly reduced, thus preventing the destruction of the boiler by the powerful 
action of the fuel when the heating surface is unprotected by the water. For 
facilitating (lie reference, the regulators R are arranged with a view to perspi- 
""'■*, rather than mechanical exactness. It. viii\ V. jwtwti vital the safety 
Z with its appendages, Lave been omitted \» Fiij.\,W\ 'a &Wiii\i»»» 
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been rendered too confused. The steam cylinder, piston, and stuffing-boxes, 
being of the usual eons I ruction, do not require a particular description, the 
only peculiarity being the great length of the cylinder compared with its 
diameter, and the small diameter of the piston rod. The adjustment of the 
piston in the cySindt-r \; >:■! [!■,-■.' . I by ni>>,nid of straws and nuts at the two extre- 
mities, where they are connected to the chains s s by the loops r r. The slide 
Valves a a arc connected together by two adjusting side rods bb, and have two 
apertures each, with a connecting chamber o. The seats have each three aper- 
tures, of equal area with those in the slide, so that the alternate operation of admit- " 
ting steam to the cylinder, and condensing it, is produced without the aid of a. 
casing or cover over the slide. The movemenl producing the alternating motion 
of the slides, is of the tappet kind, capable of the nicest adjustment, by means 
of screws and nuts at each end of the tappet rods dd, which also connect them 
with the chains, e is a carriage for supporting the tappet lever/, and the guide 
rollers go, against which the tappet rods ruh, and by which they are prevented 
. from deflecting out of the right line when brought into action. The side rods 
bb are united at ft, the middle of their length, by a carriage furnished with 
friction rollers, which is embraced by the forked ends of' the tappet rods/, and 
by which the slides arc moved. The pressure tending to lift the slides from 
their seats by the action of the steam in their passages, is counterbalanced by 
an external pressure produced by two helical springs kk, at the hack of each 
slide, and the lYii'lir.m u diminished by two grooved rollers //, working on a guide 
parallel to the face of the slide, wi is the condensing chamber, into which the 
Steam is admitted after it has performed lis office in the cylinder, where it is 
permitted (o expand freely. The slide valve seats communicate with the upper 
part by tho pipes n ?t, which enter the chamber separately, or united in one 
pipe. The water produced by the condensation of the steam is drawn from the 
chamber by the force-pump H through the pipe and valves o, which chamber is 
furnished with an inverted safety-valve p to prevent collapsing. The steam is 
completely excluded from the engine by closing the slide valve q. The chains 
1 1 are fixed to the pulleys 1 1, whose axes turn iu hearings on the bracket v v, 
firmly secured to the transverse bearers of the frame work of the carriage. 
These pulleys should be more in circumference than double the length of the 

Silt ou's stroke. The reciprocating motion of the pulley t and the engine, pro- 
uce the revolution or rotation of the crank shaft W, by means of a lever keyed 
on one end of the pulley axis, and the intervention of the connected rod y, the 
crank shall- revolving in b.Mrin^s iiituctiud to the frame of the carriage. The 
radius of the lever must exceed in a trifling degree that of the crank w w. x, a 
toothed Fpnr-wheel working into a pinion of half its diameter on the axis of 
the carriage- wheels 5, so that the carriage performs a distance equal to twice 
the circumference of the wheels 5 for each double stroke of the engine. Any 
other proportions of (lie wheel and pinion may of course be adopted as the 
nature of the machine or the required speed of the carriage may render neces- 
sary. On the crank shaft Wis a pulley 6 grooved, to receive a catgut hand for 
the purpose of driving the machinery to work the blowing apparatus. These 
wheels 3 and pulley 6, have been represented by dotted lines to prevent con- 
fusion. The machinery for working the blowing nfffrifntlTI ([insists of two 
pulleys 7 on an axis 8, supported on two brackets 9 fixed to the side frames of 
the carriage ; one pulley to receive the motion from the crank shaft W, and 
the other to communicate the motion to the pulley It). On the axis of the 
blowing fan agrcater number of pulleys may be found convenient to vary the 
velocity of the blowing fan, according to circumstances. The pulley axis 8 is 
cranked, to tbrm a winch by which the blowing apparatus can be worked by 
manual labour, where the engine is at rest, and for which purpose a provision ii 
made to disengage the pulley from the crank shaft W, by sliding the brass bear- 
ings in the bracket heads in the direction of the crank shaft. The catgut band 
Will then be slackened, and tin: pullny will revolve without it ; when tt is required 
to be connected with the engine, the re verse of this <>\".'U\Vai\\ •■>■■ -.'A \s<i . Tiettm.™^ , 
in either of which positions, the axis will lie retnuiei h^ met ^ctc-n W. 'Vws 
fame pump is worked by means of mi adjusting ctaTifc. M,Ve-jei. wi <™» ™ 
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of the axis of the pulley t> and communicating with the pump piston by a con- 
necting rod and slings 13. The pump is secured to a portion of the bracket v, 
projecting below the carriage frame. 

To avoid the impediment that is likely to occur occasionally from snow or 
ice upon railways, Mr. Grime, of Bury, has proposed, under a patent right, 
dated the 21st February, 1831, to dissolve the same by making the rails hollow, 
and causing hot water, steam, or hot air, to pass through them, so as to keep 
them at a temperature above the freezing point For this purpose a boiler is 
to be erected by the side of the railroad, at distances of two or three miks 
from each other. One of these boilers being supplied with water, and heat 
applied, the water is forced, by the pressure of steam on its surface, through 
a pipe communicating with the hollow rail, and reaching nearly to the bottom 
of tne boiler, and along the railway, till it ceases to give out a sufficient quan- 
tity of heat to melt the snow or ice which may lodge on the rails, when the 
water is received into another boiler by means of a feeding vessel placed over 
it. This feeding vessel is connected with the boiler by two pipes, — the one- » 
descending from its bottom to very nearly the bottom of the boiler, to form a 
water communication, and the other from its top to the top of the boiler, to 
form a steam communication. Each of these communications is provided with 
a stop-cock and levers, from both of which, as well as one from a coek on the 
pipe which supplies the feeding vessel, are connected with a float in the boiler, 
Dy means of a wire passing through a stuffing-box, in a manner similar to that 
inEng. Ency.Vol. I. p. 216, where the float descends by the escape of water 
through the exit pipe into the rails : the steam and water communication from 
the feeding vessel to the boiler are thereby opened, while the supply pipe to the 
feeding vessel is closed, when the water contained therein is forced, by the 
pressure of steam on its surface, into the boiler, till the float is elevated so as 
to close the communications between the feeding vessel and the boiler, and to 
open that between it and the hollow rails, for the admission of a fresh supply 
of cooled water. 

It is stated in the specification, that instead of the hollow rails, hot water 
pipes may be laid along the line of road, in contact with rails of the usual con* 
struction. The lengths of hollow rail are connected together by pieces of 
copper pipes fitting accurately into the ends of the pieces of hollow rails, which 
they unite, leaving a space between them sufficient to allow of their expansion 
by the increased temperature. 

On the 2d August, 1831, a patent was granted to Sir James C. Anderson, 
Bart, of Buttevant Castle, Ireland, for a very judicious arrangement of me- 
chanism for propelling carriages by manual labour. This gentleman designed 
a carriage, in which as many as twenty-four men were arranged on seats, in the 
manner of rowers in a boat, but in two tiers, one above the other ; the action, 
was nearly the same as the pulling of oars, the only difference being, that by 
Sir James's plan, all the men sitting on one seat pulled at one horizontal cross 
bar, each extremity of which was furnished with an anti-friction roller, that ran 
between guide rails on the opposite sides of the carriage. The ends of each 
of these horizontal bars were connected to reciprocating rods, that gave motion 
to a crank shaft, on which were mounted spur gear, that actuated similar gear 
on the axis of the running wheels of the carriage ; so that by sliding the gear 
on the axis of the latter, any required velocity could be communicated to the 
carriage, or a sudden stop made. A carriage of this kind it was proposed to 
employ as a drag, to draw one or more carriages containing passengers after it. 
The worthy Baronet informed us, that he had chiefly in view the movement of 
troops by this method, which would enable them to effect their marches with 

freater facility and despatch ; hence he justly considered that there might 
e a great diminution of the peace establishment, without detriment to the 
service. 

Mr. Alexander Gordon, in his Treatise before referred to, disapproves of all 
tempts at "homo-locomotion," except tYie v»e of bis legs, experience having 
wed, in his opinion, the utter vanity, \£ not Im^taty, o* ^\w^*\\\wA<£the 
d. He instances the Velocipede as the moat ^tom\%\^ <* *\\ ^*\ **&»Rfc\ 
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Hence he deduces, that " the inexplicable vital principle bestowed by the omni- 
potent God upon his creatures cannot be superseded by man's utmost know- 
ledge in mechanical science." In our simple opinion of the matter, Mr. Gordon 
has entirely overlooked the obvious fact, that whatever mechanical improvement 
may be effected by the "creature/' it must necessarily proceed from the Creator. 
Admitting, however, for mere argument's sake, that the Velocipede was a failure 
upon the common road, does it not follow that upon a railway, where the resis- 
tance to motion is only a fifteenth part of the former, that the effect would be 
vastly increased by the exertion of the same motive force ? And although the 
railway is one of the results of our increased knowledge, we are far from believing 
that Messrs. Stephenson and Booth have yet attained the " utmost knowledge 
Hi mechanical science " that man is capable of; or that the Omnipotent may not 
vouchsafe to man such an increase of his capabilities, as will cause the present 
age to be hereafter regarded as one of comparative darkness. 

A patent for a locomotive machine, bearing great similarity to Sir James 
.(Anderson's, last described, was taken out by Mr. A. Cochrane, on the 10th of 
the same month ; in conformity with which, a carriage was constructed and 
impelled through the streets of London soon afterwards; but from some defects 
in its construction, as well as from there being too few hands to work it, to 
overcome the weight and friction of the machinery, it did not perform satis- 
factorily. 

About this period several patents were taken out for improvements in the 
construction of the wheels for railway carriages. Mr. George Stevenson's plan 
consisted in combining wrought iron and .cast iron, in the following manner : 
The spokes are to be made of wrought-iron tubes, compressed from the circular 
into an elliptical form; these are to be laid and properly adjusted in the mould, 
in a true radial position, to receive the nave and the felloes, of cast iron, made 
b) pouring the fluid metal round them. To obtain a perfect junction between 
the two different kinds of iron, the ends of the tubular spokes are previously 
glazed by the application of borax over the surface, and then heating the metal 
until the salt fuses over it. The ring which constitutes the felloes is cast in 
three portions, with an open space between them, which is done to permit the 
contraction in cooling, and to allow of their being afterwards keyed up firmly 
in their places. 

Mr. Geo. Forrester, the eminent engineer of Liverpool, also had a patent in 
September 1831, in which he proposed to unite cast with wrought iron, by a 
very ingenious and beautiful process, especially with the view of constructing 
the wheels of railway carriages. The specification informs us, that there is 
first to be made a skeleton, or light frame of wrought iron or steel, of the form 
required, but of considerably less thickness. This skeleton is to be brightened 
by grinding, scouring or filing, so as to adapt into be tinned. The article to be 
cast having been moulded in sand or loom, in the common way, the tinned 
skeleton is carefully laid in the middle of the respective parts of the mould, 
projecting pieces being attached to the former, to keep it in its proper place : 
the mould is now to be closed, and the cavities formed by the pattern are to be 
filled up with fluid cast iron, which completes the operation. 

The locomotive steam carriage, contrived by Dr. W. H. Church, of Bir- 
mingham, now comes under our observation. His first patent for locomotion is 
dated the 9th February, 1832 ; in this the principal novelties claimed are as 
follows : — First, the frame -work, which is not to be mortised together in the 
usual way, but united together by L, T, flat, and other shaped iron plates or 
bars, bolted on each side of the wood work, to obtain strength. This frame- 
work, well trussed and braced, encloses a space between a hind and fore body ot 
the carriage, and of the same height as the latter, and is to contain the engine, 
boiler, &c. The boiler consists of a series of vertical tubes, placed side by side, 
into each of which is introduced a pipe that passes through, and is secured at 
the bottom of the boiler tube ; the interior pipe constitutes the flue ; each of 
them first passes up through a boiler tube, and is ttea )aeu\. «^\o<&rNr«fc* wA. 
passed ((own another till it reaches as low, ot \owex, \3haxi A*\i«^m*R. ^&&*> 
we-nhice, whence it passes off into a general due uv comm>\Tv\c*&wv ^\vcv « 



182 RAILWAYS AND LOCOMOTION. 

exhausting apparatus. Some other complications of tubes form a part of (he 
arrangement, which our limits forbid us to describe. Two fans are employed, 
one to blow in air, and the other to draw it out; they are worked as usual, by 
straps from the crank shaft. The wheels of the carriage are constructed with 
the view of rendering them to a certain degree elastic, in two different ways : 
first, the felloes are made of several successive layers of broad wooden hoops, 
and these are covered with a thin iron tire, having lateral straps to bind the hoops 
together ; second, these binding-straps are connected by hinge joints, to a kind 
of flat steel springs, somewhat curved, which form the spokes of the wheels. 
These spring spokes are intended to obviate the necessity, in a great measure, 
of the ordinary springs, and the elasticity of the periphery is designed that the 

S* elding of the circle shall prevent the wheel from turning without propelling ! 
r. Church, however, proposes, in addition to spring felloes, spring spokes, and 
the ordinary springs, to employ air springs, and for that purpose provides two 
or more cylinders, made fast to the body of the carriage, in a vertical position, 
closed at (op, and furnished with a piston, with packing similar to the cap-leather 
packing of the hydraulic press; this piston is kept covered with oil, to preserve 
it in good order, and a piston-rod connects it with (he supporting frame 
of the carriage. Motion is communicated by two steam cylinders made to 
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by mesns of chains passing about pitched pulleys ; and there arc two pairs of 
these pulleys, of different sizes with respect to each other, by which the power 
may be varied, by shifting the motion from one pair to the other, by means of 
clutch boxes. 

Several successive patents have been taken by Dr. Church for improvements 
connected with locomotive carriages ; hut we regret to state that we have 
hitherto met with nothing in his arrangements which the eulogies of the press led 
us to hope for; but, on (he contrary, most of the contrivances appear to us to 
be rather retrogressions than improvements in practical science. 'I he eery stale 
and unprofitable idea of propelling upon spheroidal wheels (made so by com- 
- ' ), and thus converting, in effect, a hard level Burfnce into a constant 
should never have suspected to emanate ftom the mature and philoso- 
phic mind of the patentee. 

It has been stated in the public papers, that Dr. Church's carriage has 
recently been tried in the streets of Birmingham, and that it performed very 
steadily; how far the arrange menu in that carriage correspond with the 
description contained in the patents, we are not informed ; but we suspect 
there must have been a radical reform to enable the machine to work at all. 
A beautiful print of Dr. Church's carriage was published in Birmingham hy an 
artist named Lane, a copy of which is given in the Mechanics Magazine, 
No. 533. 

The next invention we have to record, emanated from the prolific mind of 
Mr. William Henry James, of Birmingham; it blossomed fairly, but the 
embryo fruit never came to maturity, owing, we believe, to a deficiency of that 
metallic nutriment which is indispensable to the successful culture of steam 
carriages. The specification of his patent (which was dated the 15th of 
August, 1832,) is too voluminous, and the illustrative drawings too elaborate, 
to enable us even to condense an intelligible description within the space 
allowed us. We must, therefore, briefly state that the chief feature is a 
powerful high pressure boiler, formed of a horizontal tier of cast-iron plates, 
ingeniously cast with tubular cavities in the body of the metal, and throughout 
its area. These cavities hold' the water to be vaporized, which is constantly 
made to flow throughout the tier, by an hydraulic apparatus which the inventor 
denominates a " heart-pump." The fire operates upon the entire bottom surface 
of each water-plate, and the steam is collected in the highest plate, to which, 
in addition to the usual appendages, is a steam pipe leading to a trumpet, 
which is sounded hy the motion of a lever operating upon a valve at the induc- 
'"'-]] orifice. For the other ingenious arvai\gemiiiA ut \.\ie carriage, we must 
r the reader to the enrolled a 
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A very singular and interesting proposition has been made by Mr. Richard 
Badnall, for travelling upon undulating lines of railway in preference to 
straight or level lines, with the view of saving locomotive power, by the appli- 
cation of the natural force of gravity in the descent, so as to obtain a great 
momentum in making the succeeding ascent. His plan is beat explained by 
himself in the specification of a patent, dated the 8th of September, 1832, which 
he obtained for that object. 

" If a plummet suspended by a string, as in Fig, 1, in the annexed engrav- 
ing, from the point s, be drawn away from the perpendicular line to the point 
a, and there let go, it will fall by its gravity to b, in the arc a h ; but m its 
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falling, it will have acquired bo much momentum, as will carry it forward up 
to a similar altitude at the point c. 

"Let it be supposed that a line of rails, or tram-way for carriages, be so con- 
structed from the summit of two hills, as Fig. 2, across a valley, that the descent 
from one hill, aa a, to the valley b, shall subtend a similar angle from the hori- 
zontal line to the ascent up the other hill from b to c. Now if a train-waggon, 
as d, be placed at the summit of the declivity a, it will, by its gravity alone, run 
down the descending line of rails to the lowest point b ; but, in so running, 
according to the principles of the oscillating pendulum, it should have acquired 
a momentum that would carry it forward without any additional force up the 
ascending line to the summit of the hill c, being at the same altitude as the 
hill a It is quite certain that this would really take place if the force acquired 
by the momentum was not impeded by the friction of the wheels of the carriage 
upon their axles, and upon the rails on which they run. Hence, subtracting 
the amount of friction as a retarding force from the momentum which the car- 
riage has acquired in descending from a to b, it will be perceived, that the force 
of momentum alone would only impel the carriage part of the way up the 
ascent b c, say as far as ss. It must now be evident, the carriage d would not 
oniy pass down the descending line of road from a to 6, by its gravity, but that 
the momentum acquired in the descent would also impel it up the Becond hill 
aa far as z, unassisted by any locomotive power. In order, therefore, to raise 
the carriage to the top of the second hill, I have only to employ such an impel- 
ling force as would be sufficient to drive it from z to c, the whole expense of 
locomotive power for bringing the carriage from a to x being saved. If now I 
employ a locomotive power to assist in impelling my carriage from a to b, I, 
hy that means, obtain a greater momentum than would result from the descent 
of the carriage by gravity alone ; and are enabled by that means to surmount 
the hill c, having travelled the whole distance from a to c, on the undulating 
line of road, with the exertion of much less Locomotive ^u*ot vWo -aoAiV'ssc. 
requisite to hare impelled the carriage the same iWsAawce «xi>ttv *.-^«rt«K!&?j 
' plane." Having thus, explained the yt'uic\^\e ot W. \\VJ tvSvssv, 
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Mr. Bndnall claims the formation of tram and railroads, with such undulating 
curves as are adapted to his object. This invention has been the subject of 
much able controversy in the Mechanics' Mat/azme, and some other public 
journals, of which our limits render it impossible to give any account. Tlic plau- 
sible arguments which were raised in ~U(]m.iI ,>l' [he inventor's ihcury, k-d to some 
public trials on the Manchester and Liverpool railway ; which, although con- 
clusive as to its incfiicacy in the minds of most persons, who doubled before, has 
apparently had the effect of continuing the patentee in hi; prepossessions of its 
utility. 

An improvement in lite manufacturing of the rails for rail-roads, was paten led 
by Sharmun Converse, late of New York, but now of London, on the 29th of 
September, 1832, a description of which is given in the Repertory, lor April 
1833. The explanation is, however, not very clear; all tk.t we can gather 
from it being, that the rails arc to be connected and sustained longitudinally, 
by a species of trussing with wrought- iron rods, similar to that employed in 

In October, 1832, Mr. Redmond, of the City lload, patented a boiler, especially 
designed for locomotive uses. It consists of a series of parallel vertical 
chambers witli corttlgatad sides, for the purpose of extending the heating 
surface, and accelerating the production of steam in a compact apparatus. The 
principal difference between it and Mr. Hancock's, is in the circumstance of the 
corrugation. Mr. Redinund, shortly alter the grant of" his patent, conBtructeda 
very elegant steam carriage, which is represented in the subjoined c " 
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peculiar kind, and are, we are informed, 
patent ; our space will not permit us here to describe 
.riauceuieitt and position of the chief part of the propelling 
the same as Hancock's. The guiding is effected by reins in > 
r to those of horses, each rein operating separately through the 
medium of levers in turning the fore wheels of liie carriage to the right or left; 
and to facilitate this motion, each wheel revolves on a distinct axle supported ii 
a frame that turns horizontally upon a pivot, after the manner of Ackerniuu'i 
patent of 1816. 

The great improvement in the construction of iron rails introduced by 

Mr. Birkiushaw in I81D, and described by lis nl page. 13, have stood the test 

of experience, and are used now in nearly the same state as he left them. 

Malleable iron was tint.-, substituted fur east, and at a cheaper rate. Heretofore 

rliairs into which the rails arc filled have been made of east iron, probably 

(Jte fi, J>j i. isitii in that there was no ot-Wt mode of bestowing upon them their 

' <1 form, and massive parte, at a. mni\evu\e ciw*.*, a\u\ v\w cumeo l uences of 

otion may be witnessed in the thousands oS \wo\en cVanva -*\\v:\\ mwjYn 
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found along anv of the considerable lines of railroad now being [aid down. It 
ia therefore will; much salisfaciimi that we peruse ihe specification of the patent 
granted to Mr. Harry Scrivenor, of New Broad-street, dated November 6, 1832 ; 
the object nf which ia to construct tlu; chairs and pedestals of railways of 
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In the preceding Fig. 1, a b represent a pair of cast-iron rolls designed for 
this object, and put in moLiun by the usual mechanism employed in iron-works. 
It Will be observed that the series of grooves or indentations in their peripheries 
correspond with the several shapes which Ihe metal is intended to take in 
its progress through these rollers, until it at length attains the exact shape 
required to form the chairs or pedestals. Thus, Cur example, ihe grooves at c d 
must be adapted to receive an ordinary short thirk li tr of wrought iron, about 
two feet long, and six inches square, properly heated for rolling. The bar is fimt 
passed through ihe rollers at c d, which causes it to assume the shape shown at 
j. It is then passed in succession through the other grooves on the rollers at 
kk,ll, ram, nit, whereby it successively takes the turm shown ate/gh. 
Having thus obtained a long bar of iron of the seetioiial form shown at n, it is 
next cut into lengths fur chairs, which is effected by the mill shears shown at 
Fig. 2, which are worked by the engine. These shears ore provided with 
steel jaws to receive the chair as shown at v w, in order that in cutting off' the 
chair it may not be forced out of shape. The opening between the cheeks id 
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Fig .9. 

the chair for the reception of the rail are at . 

present left parallel i the next process is there- k ; 
fore to give these parts a more suitable form ^^ 
for holding down the rail. This is effected by 
making the chair red hot, and placing inside the 

recess a mandril of the required shape, with 

which it is again passed through another pair r~ 
of rolls shown in the annexed Fig, 3 ; by these | 
the recess is impressed with the required form 
to adapt it for receiving the intended Keys. 
The last invention of the celebrated Richard 

Trevi thick, of Camborne, in Cornwall, for which 

he took a patent on the 19th March, 1833, \~ 
was for improvements in the steam-engine, and [ 
in their application to navigation and locomo- 
tion. The first of these improvements consisted 
in interposing between the boiler and the work- 
ing cylinder, in a situation to be strongly heated, 
a long pipe, formed of a compact series of curved pipes, in which the steam, after 
it has left the boiler, passes with great velocity, and is further expanded in 
volume before it enters the cylinder. And in order still further to augment 
this volume of steam, he placed the working cylinder within a case constituting 
a part of the chimney, where the cylinder was kept hotter than the steam 
employed in it, and by these means employed the otherwise waste heat in 
augmenting the power of the engine. 

We have now to notice the labours of two gentlemen, who are justly cele- 
brated for their ingenuity and skill in mechanical construction, in various 
departments of art, besides that of locomotion by steam. We allude to Mr, 
Joseph Gibbs, late of the Kent Road, and Mr. Augustus Applegath, of 
Crayford in Kent, who had a joint patent, dated 29th March, 1833, for 
" certain improvements in steam-carriages." To give an intelligible descrip- 
tion of the many original contrivances contained in their elaborate specification 
would, with the requisite illustrations, require five or six of our pages ; we must 
therefore be content with giving an idea of the nature of the subjects, and' refer 
the curious reader (for the present) to the enrolled parchmen ts. 

The first described improvement relates to the general arrangement of a 
steam-carriage. The boiler is of a very novel description, and consists of a 
series of double cones arranged one over the other, the external angles or spaces 
between which are receptacles for water, which is circumscribed externally by 
a cylindrical casing. The fire is in the centre of the series of cones, and operates 
upon their extensive surfaces ; and the flue is so arranged as to repeat the heat- 
ing operation by a descending current. There is also a curious combination of 
shafts, wheels, couplers and springs for varying the speed, &C. 

The specification of Mr. Jessop's patent, dated the 31st June, 1833, relates 
to the manner of constructing the chairs in which the rails are fixed ; that is, 
in place oftbc usual mode of fixing and supporting the chair Upon a sleeper, 
the chair is made distinct from the pedestal, which is attached to the sleeper, 
and the chair and pedestal are connected by a universal joint or hinge, which 
permits the pedestal to adapt itself to any irregular sinking of the block or 
other support on which it rests, and insures a firm and solid bearing upon its 
base. The patentee also effects it hy the combined motion of a hinge joint, or 
other means permitting motion between the pedestal and chair, and a movable 
joint formed at the junction of the chair and rail, so as to produce the same 
effect, and thereby answer the purpose of a universal joint. 

The following drawings represent several methods of constructing the uni- 
wf joint, in all of which r r are the rails, c c the chairs, p p the pedestals, 
' io the block* or sleepers ; jj are junction obis ot tutor wrought iron, by 
d the opposite chairs are connected togelWr, Mi&A'be nSk rae wsaAij Vali 
iM to each other, and at a proper distance apart, «n& we »W «\**a*4.\a. 
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a suitable position to insure a flat bearing on the surfaces of the rails for the 
wheels to travel upon ; s a are cast-iron bed-plates or sleepers, (which may be 
used to support the rails where stone is expensive,) so constructed, that the 
pedestal may be readily adjusted, by the introduction of a wedge or packing, 
to a proper level, without disturbing the seats which the bed-plates may have 
acquired on the ground ; the same method of construction being applicable to 
the pedestals, when they are attached to stone blocks. 
Ilg. 1 is a side view of the railway. 

Ftg. 1 




Fig. 2 shows the plan ; and Fig. 3, the cross section. Two of the stone blocks 
\> are drawn in an inclined position to show the action of the pedestal. 
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Fig 3. 
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Fig*. 4 and 5, are sections of the pedestal and chair, showing an orbicular 
universal joint, by means of which the pedestal adapts itself to any irregular 
sinking or the stone block or other sleeper, whilst the connecting or junction 
bars retain the rails in their propet gauge, and their opposite surfaces in the 
same plane or straight line. 



Fig. 4. 



Fig. 5. 
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Fig*. 6, 7 and 8, are other views of the pedestal and chair. 
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I'iffi. 9 10 and II, are a side view, plan, and sec- 
tion of a cast-iron bed-plate, used a; a subititute 
for tlie stone blocks i showing also the method of 
adjusting the rails by means of wedges or packings 
introduced between the bed-plates ^and the base of 
the pedestal, which is made to lit in the recess 
formed in the bed-plate, and secured laterally by 
means of a wedge or key. The patentee states his 
claim to consist in " constructing railways, to the 
ttting of chairt and ptdeslale, mliick are capable 
}f turning or moving on univenal or other limiiar 
joints, as above described, whereby the railway will 
not be so liable as heretofore to be deranged by the 
■inking of the blocks or sleepers, whether of stone, 
wood, iron, or other material." 

Until recently the locomotive engines upon the 
Manchester and' Liverpool railway, were usually con- 
structed with a double cranked axis upon the two 
main wheels of the carriage, which wheels were provided with flanges on their 

Cripheries to keep the engine on the rails. But this mode of construction has 
en found to be defective, owing to the liability of the crank axis becoming 
strained or broken, by the excessive friction of the flanges of the wheels against 
the rails, when the locomotive is entering sidings, turnings, or crossings of the 
rails, or passing along curvatures in the line. For it will be evident that the 
carriage has a tendency at these places to run off the rail sideways; which ten- 
dency is counteracted by the flanges on the wheels bearing laterally against the 
inside edges of the rails, on the concave side of the curvature; and, when it is 
considered that the great weight and momentum of the moving body meets 
with a sudden inflexible resistance at the extreme end of the lever, or peri- 
phery of a large wheel, we may readily conceive its liability to be broken, or 
at least strained. It is evident that any lateral bending of the cranked axle, 
although far short of a fracture, will, by putting the wheels out of square, pro- 
duce a violent surging motion of the whole engine sideways in its further pro- 
gress along the rails ; and such violent action must be very liable to break the 
cranked axle, or run the engine off [he rails. To obviate these disadvantages, 
Mr. Robert Stevenson (under his patent dated 7th October, 1833), divests the 
tires of the main impelled wheels of their flanges, and in lieu thereof, employs 
two small additional wheels with flanges behind the former. These additional 
wheels are applied beneath the fireplace end of the boiler, for keeping the 
engine straight on the rails in its progress forwards ; and the axles of these 
wheels being straight, and, consequently, stronger than the cranked, are not 
liable to be broken or bent, as experience has proved with respect to the axles 
of the fore wheels, which ore precisely the same. In the following cuts Bre 
exhibited a side elevation, an end elevation, and an end section of one of Mr. R. 
Stevenson's improved engines, in all of which figures the same letters of refer- 
ence indicate corresponding parts, though differently viewed. K K are the 
main impelled wheels on the cranked axle, without any projecting flanges on 
the tires, which run on the edge rails L. M M are the additional small wheels 
with flanges, applied beneath the hinder or furnace end of the boiler; and O 
are the ordinary small wheels with flanges beneath the chimney end of the 
boiler, where the working steam cylinders are situated. The small wheels, 
and M, with flanges, as before observed, keep the engine straight upon the 
id the large impelled wheels K, have only to advance the engine for- 
wards, and to bear a due proportion of the weight, without having any thing 
do with keeping the engine on the rails; therefore the cranked axle is 
rated from all lateral strains, which is wholly transferred to the small wheels 
id M, with flanges, which, having a straight, axle, are capable of sustoin- 

ia often of essential importance to be tfc>\e to aireA ftie TOojgret* *& »cas- 
upon a railway with great proimptitvvie •, «r4 iWVem 
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wheels to the Tails, to avoid slippirig thereon. The larger the entire capacity of 
a boiler it, the more metallic heating surface it will contain ; and, consequently, 
tender unnecessary that extreme heat which is so prejudicial to the me_tal. And 
that diminution of the intensity of the combustion, the patentee considers to be 
advantageous in another point of view ; because the jet of waste steam (which 
is thrown into the chimney to produce a rapid draught therein, for exciting the 
combustion of the fuel) may be greatly diminished in its velocity, which will 

Sermit the waste steam to escape from the working cylinders with greater free- 
oin than could be permitted with smaller boilers, wherein a greater heat ana 
a more rapid generation of steam, are indispensable to furnish the requisite 

The following cut exhibits another firm of Mr. Stephenson's locomotive 
engine, such as is now in use, but with the foregoing improvement added 
thereto. The foremost wheels, at the chimney end of the boiler, are, in this, 
however, impelled by means of outside cranks and connecting rods, as well as 
the two middle wheels K, which are on the cranked axle ; in other respects, the 
improvement is the same as in the other engine. The brakes, or clogs, are, 
of course, applicable to this or any other engine, but they are left out in this 
instance, us being unnecessary to our illustration. 

We have, in the previous parts of this article, alluded to the imperfections:, 
which from lime to time manifested themselves in the modes adopted for 
fastening the rails of edge railways to the chairs and sleepers. Owing to the 
effects of expansion and contraction, and the violent shocks and strains to which 
they are subjected, the ts.sk of perfecting these parts of the mechanism of rail- 
ways has hitherto been fniiiid one i-f diilicult accomplishment even to the most 
experienced and skilful. With the view of remedying these defects, Mr. Robt. 
Stephenson, jun. obtained letters patent in December 1833, in which he aays 
that the object of his improvement is to provide Brm and secure bearings at 
the bottoms of the notches in the chairs for the rails to rest upon, those bearings 
being capable of tetf-adjui irdet thai they may adapt themselves 

correctly to the under parts of the rails; and Ibe making of adequate provisions 
for fastening the iron rails securely down ward!, upon -ueli selt'-Fuijusting bearings, 
as well as for confining the rails laterally within the notches in the chairs, but 
in such manner that the self-adjusting bearings will not be subject to be 
deranged, nor the fastenings to be loosened, by the effect of any such slight 
tilting or inclination of the chairs in the direction of the length of the rails, as 
may lesult from partial or unequal subsidence of the ground beneath the stone 
blocks or wood sleepers upon which the chairs are fastened, nor by the effect* 
of any such slight elongations and contractions in the length of the rails as they 
are usually liable to from ordinary changes of temperature. Mr. Stephenson'* 
mode of effecting this, is by the application of a self-adjusting segmental hearing 
piece into a suit a lily-formed concavity, made below the level of the bottom of 
the notch of each chair; the flat or chord side of the segmental piece being 
uppermost, and forming the bearing-surface at the bottom of the notch in the 
chair. Upon (hat flat bearing-surface the under side of the iron rail is lo rest, 
so that the bearing-surface will always accommodate itself to the under side of 
the rail, and form an even contact therewith, in consequence of the circular 
side of the segmental piece adapting itself to the required position, by turning 
in its concave cell. The specification of this patent describes the action of 
these parts, and all the subordinate pieces by which the connexions are formed, 
with great minuteness. It will however be sufficient, for the generality of our 
readers, to describe the illustrative drawings that accompany the specification. 
15%. I is a perspective view, and Fig. 2 a lateral elevation ; Fig. 3 is a transverse 
section, and Fig. 4 a horizontal plan of a chair, for supporting and uniting the 
extremities of the lengths of iron rails for edge-railways. A A is the fist 
bottom or base of the chair, which is to be bedded upon the stone block or 
wooden sleeper, mid firmly fastened thereto by spikes driven down through the 
holes a a. B B are the cheeks of t\ie nutc\i m *.\\e c\\a\t, \i\»A notch being the 
parallel space which is left between t\\e c\\eeYis, fcvt \X\e lewyiMJn rf 4* 
railMCcDd, which may join together v/An a Va\S \a^-yvn&, os V& 3toir& "a 
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perspective at Fig. I, and in the plan. Fig. 4, the overlapping parts e d being of 
the same size, or nearly of the aame size, as the other parts of the rails, and 




those parts are included within the notch of the chair. The bottom of this 
notch is deeper than is necessary for receiving the rails, and is depressed into 
a concavity of a suitable form, for receiving the segmental bearing-piece which 
is shown on the next page, at 4 4 4, in plan, elevation, and perspective : the 
under edges of the rails rest upon the uppe/most flat surface of this bearing- 
piece. The amall figures .'i and 6 nre cylindrical pins, which are fitted into 
cylindrical sockets, through each of the cheeks ot mdca'B VV, «xA% kiA.^ sis. 
tapering or wedge-like keys, which are inserted taau^wrt^Vmn^ceftXTv^fc 
checks and across the pins S and 6, for tlie p\\rnc*e <rt ^otcat.% Wc-«rao- *>™* 
(hat their pointed extremities may pveaa aWicjueVj \\\;wn *«'W«« N** 
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of the grooved recesses in the rails, with a bearing-down action, to confine the 
rails downwards upon the bearing-piece, and laterally in the chair. The cylin- 
drical pins are shown detached, in order to explain the manner in which the 
pointed extremity applies into the grooved recess in the rails, so as to exert c 




bearing-down action thereon. Fig. 5 represents perspective views, and Fig, 6 
a transverse section of a chair for supporting the iron rails at intermediate dis- 
tances between the extremities or junctions of their several lengths; it has only 
one cylindrical pin 5, fitted through one of its cheeks B, the opposite cheek K 
being a flat vertical surface, against which the flat side of the rail is pressed and 
held firm, by the keying up of the cylindrical pin 5, so as to confine the rail 
laterally at the same time, that the oblique action of the point of the cylindrical 
pin 5, in the grooved recess of the rail, may produce a bearing-down action, which 
confines the rail down upon the segmental bearing-piece. The chairs are made 
of cast iron ; the sockets for the cylindrical pins, the mortices for the wedge- 
like keys, and the cells for the segmental bearing-pieces, being formed in the 
casting, as well as the holes for the holding-down spikes; the wedge-like 
cross keys, the cylindrical pins, and the segmental bearing-pieces, are made of 
wrought iron. 

At page 128 we alluded to an improvement made by Mr. Hancock, in the 
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lacea of boilers, which was patented Vy \am ou itoa \bfo^uwaMFjA*a&> . 
object of which is to remedy the Aacoweiuie&cft «x$en8ira& >} ft» taoaar 
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tiou and adhesion of clinkers upon the fire-bars, by which (he combustion of 
the fuel is checked, and, consequently, the production of the steam, as well aa 
the velocity of the carriage, considerably lessened. By the present 
Mr. Hancock draws out the foul floor of bars, and replaces them by a clean pet, 
which operation, he states, is performed in much less time than is required to 
imperfectly clear by the rake. In the figure on the preceding page, F repre- 
sents the space occupied for the fire-place, in a vertical plane, and A is the 
ash-pit. a is a floor of bars, in one casting, and in their position for use ; 
the outer bars on each side are cast with teeth underneath, forming racks; and 
there is a fixed rail under each rack, one of which is [seen at b : these sup- 

Eort the racks, and, consequently, the whole floor of bars, which are removed 
y turning the spindle of the pinmon c, 
of which there are two, one at each 
end of the spindle, so as to operate 
upon both sides of the grating at once 
When a floor of bars has become fouL 
a clean floor is attached to it, as partly 
shown by the hooked joint at g, by 
which, aa the foul floor is drawn out, 
the clean one is drawn in. 

A patent for improvements in 
boilers for locomotive engines was 
obtained by Mr. James Frazer, on the 
7th May, 1833, upon the basis of 
which it is said he constructed a steam 
carriage, hut of the completion or per- 
formance of which we are at present 
uninformed. Annexed is a transverse 
section of the boiler ; the fire-place is 
at a, and the smoke, &c. is conveyed 
through an eccentrically-curved tube 
b h, imparting its heat to the sur- 
rounding water, in its progress to the 
chimney. There are cross pipes, which 
pass quite through the flue-tube at 
various places, as shown by the dotted 
lines, that the circulation of the water 

or passage of the steam may not be impeded. The patentee has included in 
his patent some other modifications of his plans, wherein a great number of 
small flue-tubes are used to distribute the heat throughout the water, and to 
serve as supports to the fire-place and flues. 

A very ingenious proposition for making use of the power of a horse, moving 
at his slow working pace, to communicate a high velocity to carriages upon a 
railway, through the medium of a new arrangement of pulleys and ropes, was 
invented by Mr. loteph Saxton, at London, for which lie obtained a patent, on 
the 20th June, 1833. The invention consists in the application of pulleys of 
different diameters, termed " differential pulleys ; " the principle of the action 
of which will be comprehended hy the following illustration : — 

Fig. 1 (in the following page) repiv-nm a <." ml 'million of tivn pulleys, ihcii 
diameters being as G to 7 ; a being (be larger pulley, and b the smaller one; 
c d is an endless rope, passing over the sheaves e c; the part c of the endless 
rope first takes a turn round the larger pulley a, and the part d also takes a 
turn round the smaller pulley b. If then the rope d be moved in the direction 
of the upper arrow, it will draw the lower part of the pulley b in the same 
direction; meanwhile, the part c of the endless rope will be moving In the 
direction of the lower arrow, and will move the lower part of the pulley a in 
the same direction with this part of the rope ; consequently, the two pulleys 
a b (which are fixed together) would turn on the mean \iaii\t J\ aa a.&iciv.'m-, 
7 is die centre of the two pulleys. Let it tWn \re sv^owA.^vaV 'fee v* - A 
of the endless tope he moved from It to i, it w'vtt \ic aVvieiA *iaV "Cat >u— v ' 
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g of the differential pulleys a b would be moved to the point j, and, urn— 
quently, if any abject were connected to the centre j of thoie differential 




pulleys, it would be propelled from g to j, 
moved the much smaller distance of A to i, 
and these distances will be as 13 to 1. 

Fig. 2 represents the contrivance applied to an ordinary carriage, having four 
wheels, as usual, two of which, k h, are shown, a and b are the differential 
pulleys, placed on an axis g (see Fig. 3) ; m is a frame which carries the 
differential pulleys, and ' 




siti 

1 



jeeting arm hj is forked at the outer end, as shown in Figi. 2 and 
and the forked ends serve as bearings to the axle g of the 
differential pulleys, the pulley a being permanently feed 
to the axle g, whilst the pulley b is capable of turning 
loosely on tins axis, when it is not retained by the pin q, 
which locks the two pulleys n and b together at the times 
required. By disconnecting these pulleys, the power will 
no longer tend to drive the carriage. It (Fig. 2) is a lever, 
turning on a fulcrum S : the upper end of tliis lever is 
formed into ahundle, and placed under the control of aperson 
sitting in front of the carriage ; the other end of this lever 
ceives the flanch of a sliding socket I within it, as shown 
Jig. 2; o is a bent lever, having its fulcrum at u, on the 
•>d frame o, as shown in Fig. 3. One end of this 
ed fever « has a crotch, wWn receives theftraic^i I of 
•ding socket; and the other end of theVvev. unas 
crotch to slide the socket id, or. the axis g.-WXwii mi 
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. fixed to the sliding-socket u; and carrying tlie pin o, by *hich the 
wheels b are fastened together: a spiral spring is placed on the pin q, to force 
it in, when a part of the pulley which is cut away, comes opposite to the bolt ; 
there is also a spring to prevent a sudden concussion. In Fig. 2, c d is an 
endless rope, the part c taking a turn round the pulley a, and the part d taking 
stum round the pulley 6, as described in Fig. 1, This endless rope is supported, 
at proper intervals of the road, on sheaves, and passes round a rigger at each 
end, to which is attached an apparatus for preserving it sufficiently tight. Now 
suppose the pin q to he passed through the two pulleys ab, to retain them 
together, and the endless rope d be moved in the direction of the arrow, a 
similar action will take place to that described in Fig. 1 ; that is, the carriage 
(being attached to the centre g of the differential pulleys a and b) will be pro- 
pelled forward on a railway with a much greater velocity than the rope travels; 
travelled by the carriage, in comparison through which the 



and the distance 

rope moves, will depend 



] the differences of the diameters of the pulleys ah; 



;o the velocity 

with which the rope moves. In order to prevent the two parts of the rope 
rubbing against each other, in leading on, and of the differential pulleys, the 
axis g of these pulleys is placed at an angle a little varying from a right angle, 
with the direction of the motion of the carriage. 




Figi. 4 and 5 show two different applications of the invention from that shown 
in Fig. 2 ; for in these instances there is only one pulley, whilst the two front 
or two back wheels of the carriage act the part of the other pulley. In Fig. 4, 
a is one of the front wheels of the carriage, which also acts as the larger 
pulley ; b a the smaller pulley, and is the only one around which the rope c d 
passes ; the wheels a. and the pulley b, being on the same axis g, which runs 
from side to side of the carriage, and turns in bearings affixed to the carriage. 
In this arrangement the point /, at which the wheels touch the rail, benoines 
the fulcrum on which the w eel a turns ; and it will thus be evident that if the 
rope c d be drawn forward in the direction of the arrow, a similar effect will he 
produced as described in Fig. 2, and as shown in dotted lines in Fig-i. Never- 
theless, if tha wheels and pulleys a and 6 be of ftie same T^ia^vie S\raw&sre " 
those in Fig. 2, the carriage at Fig. 4 would mity \>e YtoyXisA *! 
wren to one, owing to the fulcrum, at -wnich the w\iee\s o \? — 
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from the mean point /, Fig. 2, between the two diameters, and placed at the 
extreme end of a radiating line, drawn from the centre of the wheel a to the 
point at which it touches the railway. In Fig. S the rope is paused around the 
pulley a, which is the larger, whilst the carriage-wheels act the part of the 
smaller pulley b, the pulley a and the wheels b being on the same axis a. In 
order that the pulleys in this arrangement may stand at an angle for clearing 
the rope, the axle g is formed of Urn pari-, connected by universal joints ; 
and one of the wheels /• thus travels a little forwarder than the other, and thus 
the rope will clear itself. And, it should be observed, thai in both these arrange- 
ments, the pulley around which the rope passes is to be made capable of being 
disconnected from revolving with the axle as described in Figs. 2 and 3. In 
the arrangement, Fig. 5, the fulcrum/, on which the wheels rum, is the point 
at which the wheel b touches the rail or road ; and the difference in the arrange- 
ments, Figs. <t and 5, is, that the power in Fig. 4 is applied by the rope between 
the fulcrum/, and the centre g, of the wheels or pulley a b, where the weight 
to be drawn is attached : whilal, in I'iy. 'i, the I'iiU n:m is between the centre of 
the pulley and wheels a ; consequently, the arrangements differ in the order of 
leverage, and, in this instance, will be us six to one. In these two last arrange- 
ments, the rope cd may be either an endless rope, as described in Figs. 1 and 
2, or the rope may be single, and, taking a turn around the pulley a or b, is to 
be wound on a drum at each end of tile distance, which is to be run by one 
length of a rope. 

This invention has been recently tried on a piece of railway near the 
Regent's Park, and, we are informed, did not fulfil the anticipation a of the 
ingenious patentee. The proposition, however, possesses merit, and may be 
Very beneficially carried into eflect for short distances. 

In our notice of Sir Charles Dance's carriage at page 1"3, we alluded lo a 
boiler that was introduced into it in 1833, It is thus described b "" 
Gordon : — 




" In 1833 a patent was obtained by Sir Charles Dance and Mr. Field, foi an 

iIHUMKQent of tubes, winch was considered surn-rii'r '■■ ( i unit \ 's. The bent 

■t of Gurncy's I mil it will li rlisenvered upon reference to the figure, and the 

le will be found to consist of two of Gumey's boilers, but without the sepa- 

» backed into each other. The coil-pipe J is here used, conveying the 

•r rather the cooler, water from the taut, to F., from whence it rises lo C, 

•rung heated in its pas-age upwards. VJuUt \mu^ei'raV. ft alwi ascends 

2 manner ; and at B anA C \.\.e «toro from. Cue wn &«&mi 
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boilers E C and ii B, risen up to F and G, and is drawn off to the engines, 
whilst the cooler particles descend in the vertical pipes below C and B, to pass 
again over the fire with other water, going in the upward direction. 

A tubular boiler for locomotive purposes, of considerable efficiency in the 
production of steam, was patented jointly by Mr. John Squire and Colonel 
Maceroni, on the Ifith July, 1833. It consists of nine rows of upright cylin- 
drical tubes, each row containing nine tubes, so that there are eighty-one in 
all. In the middle of these the fire-place is situated ; and to obtain the requi- 
site space for it and the fuel under combustion, a portion of the interior ranges 
of tubes are proportion ably shortened, as well as three of the front tubes, to 
form a fire-door. All the vertical tubes are connected by means of small hori- 
zontal tubes at the top and at the bottom ; the upper being a steam communi- 
cation, and the lower a water communication ; hut as they are all open to each 
other, and the application of the heat cannot be precisely uniform in every part, 
n circulation of the fluid necessarily ensues. To avoid clinkers, and prevent 
the destruction of the fire-bars, the latter arc formed of hollow tubes, filled with 
water, and communicating with the vertical tubes. The steam is conducted 
from the latter tubes, by means of small pipes entering the otherwise close tops 
of each, into a central recipient, from which the engine is supplied. The flame 
and heated matters being diffused round and throughout the whole series of 
tubes, of course produce a rapid generation of steam. 

Having thus obtained the heart an 1 vital fluid for locomotion, Messrs. Squire 
and Maceroni set about combining the sinews, bones, and joints, which com- 
prise the entire machine ; of which tbc following cut will aflbrd a tolerably cor- 
rect idea. 







Thisc; 



£e, Mr. Gordon says, 






n of indomitable perse- 



A from 18 to 20 miles per hour 
by it, The engines are placed horizontally underneath the carriage body ; the 
boiler is at the back, and a winnowing blast is employed to excite the combus- 
tion of the fuel, the supply of which is regulated by an engine man, who has a 
seat at the buck for attending to it. The passengers are placed in the open 
carriage body, and their seats are formed upon the tops of the watex Mus.'ta. 
There are two working cylinders 7j inches diameter, and \5\ vtveVea \ct»^\ eS. 
■rrokft The steam- ways 'arc 2* and 2J inches diaraetM. ^R c tc^O. '^ JJf 
apace will not permit us to extend our notice of the oYeTskov* «A •im\»as 
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8tli of October, 1834. The preceding figure affords a side elevation of the 
machine, with such portion as could not be readily explained otherwise in sec- 
tion ; a is the ash-pit, b the five-place, opening abort.* into a dome c, of the 
boiler d d, and surrounded by water ; tin* externa! figure of the boiler is that of 
a vertical cylinder; and as the dome c occupies ihe centre, the water chamber 
is For the most part of an annular form ; this onnnlns has passing through it, 
vertically, numerous lubes open at each end, for the smoke anil heated gases to 
pasa from the furnace throughout [he body of water, into the flue e above, and 
thence into the chimney y. The draft through the furnace ia increased, by in- 
troducing the induction steam pipe k, from the engine Into the throat of the 
chimney, where a jet of steam is thrown upward*, in the way now commonly 
practised, /is [he slraui clumber, enveloped in the heated gases that ascend 
from the furnace, which are made to impinge upon it with greater force, by the 
introduction of a plate of iron shaped like an inverted funnel ; i is the steam 
pipe, which conveys the steam from the chamber /, into the valve boxes k, 
worked by a series of levers at /, that are put in motion by bevel gear, and a 
crank motion partly introduced. It is now to be clearly understood, that there 
are three steam cylinders* tit, but as they are all in a row, only one can be seen 
in our view ; each of these cylinders is provided with suitable valves, and work- 
ing gear, to admit the -renin uu llm hip wily of eaeii of the pistons, at the lime 
of the descent of each, and to allow of ils escape on their ascent. The bottom 
of each of the cylinders ':-■ open, mid the piston rods is, are jointed to the bottoms 
of the pistons, the latter being steadied in their motions by small lateral rods 
passing through guide holes. 1'l.e three piston rods act directly upon a three- 
throw-crank, the equi-distant positions of which in the circle cause the pistons 
to continue their reciprocating action, and the crank ils rotative motion, with 
uniformity. Fast and slow motions, and clinch boxes for varying the speed, 
are provided in the usual way. In our diagram is shown a pinion o, on the 
crank axis, driving a wheel on the axis of the running wheels. 

The patentee especially claims under his patent, the combination of two or 
more cylinders, each having its lower end open, so that the steam shall press 
only upon the upper surlaeos of ihe pisloiis, and communicate its power to the 
crank shaft, or running wheels, in a downward direction only: winch he con- 
siders will cause a greater adhesion between the wheels and the rail, and less 
vibration to the carriage, than when the power is applied to the wheels in an 
upward and downward, or a forward rind backward direction, alternately. 

The wheels applied to this locomotive also possess some novelty, and are 
claimed uuder the patent right. They may he briefly described to consist of a 
cast-iron nave, duly formed and turned, to receive Ihe idgei of discs of plate- 
iron, in lieu of spokes ; the felloes or external rings being fixed to the discs by 
first expanding their circumference by heat, and allowing thern afterwards to 
contract, so as to receive the edges of the discs in groovM turned to receive 
them. The several parts arc afterwards secured by bolts, screws, rivets, and 
keys, in a manner too well understood to need description. 

Some improvements of considerable originality have been proposed by 
Mr. Hohert Whitesides, a wine merchant, of Air, in Scotland, lor which he 
obtained a patent, dated the 20th ef November, IS34. The object of his first 
improvement is, to obtain a firm connexion between the moving and the moved 
parts, or between the steam engine, and the axle of the wheels whieh move the 
carriage. In order to perform this effectually, the spring;; usually placed over 
those wheels are placed in them; and to prevent the Uvisiiug force of the 
machinery from tearing them out, two quadrangular framings arc attached to the 
wheels, which will be explained with reference to the cut on the following page. 
a, b, c, d, is the outer circumference of the wheel, formed of iron : the spokes 
are rivetted, or otherwise fastened, to the tire at one end, and at ihe other, 
either rivetted to a flat ring, or screwed to one which is thickened in parts to 
receive the screw. The central space of [his ring varies acc.ordii% to tV \.V*.^ 
intended to be allowed to the springs; in t\ic ^BW«WiiMI«ao«, , fctt'6^'^^ a 
diameter. The points, a, b, c, d, are eimi-uArt&i.t ttM» e*&i uCwet. 1 &'s'w™» 
a S (k/ c , sod 6 aad d, are placed two voda, wb&B tows*, ^e fatB&l *»»«»»* 
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to the rim of (he wheel at both ends, and parallel to each other. On these 
rods traverses a quadrangular iron framing, e, / g, Ji, by means of rings 
which embrace the rods. On this framing, e, f, g, h, slides another frame, 
of the same nature, in a direction at right angles to that of the first, but 
instead of the rings, as in the first, being attached to rods, and the cross- 
bars t and j, they are affixed to a plate of iron, in the centre of which is a. 
hole, to allow of an axle-box passing through. The box is bolted to the afore- 
said plate (by means of a flanch, cast along with it), and passes through the 





n the centre of the wheel, i 

, and the other end to the 
whole wheel may then be covered over on each side, with a thin iron plate, to 
preserve the frames, Sic, from the wet and dust, taking care, at the same time, 
to allow in the inside plate, a hole of sufficient size (say eight inches diameter), 
for the axle to play : this hole may he covered over with a piece of water-proof 
cloth, connected water-tight, on one part to the Bxle, and on the other to the 
inside covering-plate. The patentee observes, that springs have been before 
placed hi, or adapted to, wheels ; but he confines his claim to the application of 
the two quadrangular frames, as above described, for preventing the strain of 
the power applied to propel the same coming on to the springs. Another im- 

Srovement included under this patent, relates to a method of reducing tho 
riction of rotary engines, by placing the lubricating fluid in one or more 
reservoirs, under a pressure a little superior to the force of the steam, 
which presses upon the piston, for the purpose of forcing it into every crevice, 
and between all the moving parts of the engine, where ihere is a liability of 
leakage of steam, so as to prevent both the loss of steam when these parts wear, 
and the reduction of friction to its minimum. The arrangements for this pur- 
pose we have not space to describe. 

For preventing or lessening the concussions to railway carriages upon stopping 
or starting, a contrivance, called the " buffing apparatus," has been resorted to 
on the Liverpool and Manchester, and other railways. This apparatus consists 
of a serieH of rods and levers, acting on springs similar to the elliptical carriage 
uprings; the contrivance is complex and expensive, and it is found to comniu- 
*" *- the carriages of a train a swinging lateral motion, which causes much 
\nd renders the vehicles liab\e to ue tliro-jm oS \\\e tails. To obviate 
disadvantages, Mr. T. F. Bcrgin, ,of UuWin, VwV. mA a ^ict*. W x& 
tion on the 4lh March, 1835, vih\eh cmiavSto oS fc eOT*sft\«JKn\ «A i&tnVA 
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springs, with rods proceeding from end to end of the carriage, designed not 
only to prevent the concussions at stopping or starting, but likewise any 
prejudicial effects taking place. In the event of two trains coming into con- 
tact; also to receive and transmit the motion of one carriage to another free 
from that abruptness which is alike unpleasant to the passengers and detrimental 
to the vehicles. 

The following Fig. 1 represents a side elevation of one of the Dublin and 
Kingstown railway carriages, with Mr. Bergin's invention applied to the same. 
Fig. 2 is a plan of the under part of the same, the body being removed, a a 
represents a slight frame, made of two similar plates of iron, screwed to each 




other about three inches apart, and resting upon turned bearings in the centre* 
of the axles. A wrought-u-on tube 6 b, about three inches in diameter, the 
entire length of the carriage, and extending about two feet beyond each end, 
is supported on this frame by rollers, which allows the tube to be moved thereon 
lengthways with facility. On this lube is placed, at either end, within the frame 
of the carriage, about four feet of helical springs c c, of graduated strengths ; 
one end of each of these sets of springs abuts against a strong collar (/, fixed to 
the tube b, and the other end against a small box of iron attached to the frame, 
and furnished with one of the bearing rollers be fore- mentioned, also with two 
friction-rollers resting asainst the inner side of the carriage-frame end. To each 
extremity of the tube b o is attached a buffer-head //, by means of a rod of iron 
passing through the tube, and connected to the buffer-heads by screwed nuts 
sunken below their surfaces. At the back of each buffer-head is a cross-bar g, 
to which, by chains and hooks, the carriages sra attached tog9tber> This appa- 
ratus lies loosely on the axles, and is perfectly independent of the frame-work 
of the carriage, which is sustained by springs in the usual manner ; and there 
are long vertical slots made in the framing, through which the bufling-tu.be 

Cses, which permits the frame to rise or fall, according to ft\e ^xetwite ol " 
1 thereon, 



without affecting the height oE the tuffiinfc a^araWm ioost 



be 
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The action is as follows : — The train being moved in the direction of the arrows, 
the locomotive power is applied to the cross-bar ^, and draws forward the central 
tube b, thereby compressing the springs c c between tbe collar d and the friction 
roller-box /, which rests against the end of the carriage frame, without moving 
the latter until the elastic force of the compressed springs becomes sufficient to 
overcome the resistance presented by the friction of the carriage and load.. 
The carriage then begins to move forward so slowly, as almost to be imper- 
ceptible to persons seated within ; the second and each succeeding carriage in 
the train is by similar means brought from a state of rest into motion. In 
case of one carriage running against another, the resistance is offered by the 
furthest end ; the effect being to drive the tube b forward, compressing the 
springs at the opposite end from which the concussion is given and the carriage 
will be but little affected by the blow, until the elasticity communicated to the 
springs, by compression, overpowers the resistance of the carriage, which then 
begins to move, actuated by a force just sufficient to start it. The coiled springs, 
which, as before stated, are four feet in length, have a range of action of about 
two feet, beginning to be compressed by a force equal to about twenty pounds, 
and presenting a total resistance to entire compression of upwards of two tons. 
A spring of this strength, the patentee states, nas been found suitable for car- 
riages weighing, when loaded, about four tons. It will be observed, that the entire 
resistance to the action of the springs is on the ends of the carriage frame ; the 
middle of each is armed with a strong plate of iron, about fifteen inches square, 
through which pass the tension rods h h t Fig, 2, to the outer angles of the oppo- 
site ends of the frame ; consequently, these rods receive the entire force of the 
springs. The springs at either end of each carriage act totally independent of 
those at the other end, and of all the carriages in the train, except that to 
which they are attached ; each has therefore to bear only its own share of the 
resistance of the entire t train, the sum of which is made up of the separate 
resistances of all the springs acted upon. Mr. Bergin states the advantages 
anticipated from his invention have already been fully realized, by the perfectly 
steady motion of the trains to which it has been applied ; and he contemplates 
its employment to locomotive carriages on the common road. 

Some improvements applicable to locomotive carriages for railways as well 
as turnpike roads, were patented on the 17th March, 1835, by Mr. Butters 
Bacon, of Sidmouth Street, Regent Square, which will be readily comprehended 
by reference to the figure on the opposite page, in connexion with the fol- 
lowing description. 

The frame of the machine, as shown at a a, is of the usual form ; but it 
extends to the rear sufficiently for a convenient fuel room and engineer's stand. 
The wheels are of common structure, being made of cast or wrought-iron, with 
arms, flanged rims, and fixed naves ; they are attached to their axles 
respectively, and these, made of iron, project through the naves and run in 
boxes, as seen at b; these boxes being capable of exact adjustment, so as to level 
the engine. The driving wheel is attached to the frame, and works in boxes ; but 
its rolling friction on the railway is regulated by a spiral spring and lever, and 
the pressure of the roller d, as hereinafter described. This driving wheel, as 
introduced by a line at c, is moved by the rolling friction produced by applying 
the roller d to its periphery, as seen at e, the larger periphery of the rollers d 
being in contact with one of the smaller concentric rollers, as seen at// this 
set of rollers being put in motion by the pinion at g, which takes into the teeth 
cut in the periphery of the wheel h, attached firmly to the set of rollers, and 
revolving with them upon the same axis, so that when the pinion at g turns 
under its axis towards the smoke-pipe, the wheel h and the set of rollers turn 
over their axis in the same direction, whereby the roller d turns under its axis 
in the same direction, and the driving wheels over their axis forward, tbe 
driving wheels being firmly fixed to the same axis. 

It will be perceived that the roller d is sustained in its position bearing upon 
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screwi attached tu the frame, and bearing on its axle by plates connecting each 
pair of screws together, the screws taking into boxes fixed upon the frame in 
any convenient mode ; and these plates being pressed down by the screws upon 
the roller axis, as that the Friction surface of the roller d shall always be kept 
closely in contact with the friction periphery surface, or the periphery of the 
flange of the driving wheels, and thereby force this to turn nn the railroad, it 
being seen that the driven roller k on the same axis with the rafter d, is forced to 
turn by the driving concentric roller before mentioned, of which there are three in 
the same axis, as the toothed wheel //, that takes into the pinion g. 

This pinion is supposed in the specification to he turned by the revolution of a. 
rotary engine, contained within a cast-iron casep; but it does not appear that 



I 




Mr. Bacon lias sufficiently considered this pnvi of hii apparatus, as we cannot per- 
ceive any abutment for the steam, that won hi enable it to give any motion at all. 
The steam, after passing out of the engine, is to puss through the cylindrical tank 
x, to heat the supply water, before entering the chimney. The axis of the set of 
pressure rollers is suspended by the vertical arm above, and the lower end of 
the latter is connected to one extremity of the lever i, whose olher end is con- 
nected to an upright lever j, whose fulcrum is at k, so that when the engineer, 
who is stationed in the rear of it, draws it towards him, the set of rollers is 
pressed forcibly against the roller .111 the same axis, as the roller d, which axis 
is held in its position by the horizontal bar I, and the perpendicular standard. 
This standard is so constructed, that by means of any mechanical force, the 
roller d is made to bear witli im-roiisc-il force upon the driving wheels. This 
standard may permit the axis of the roller d, and the axis of the driving wheels, 
lo approximate mathematically and mechanically, as may he needful to give 
effect to such increased force or elo-er contact. The pressure upon the driving 
wheels may be thus varied. Let the after bearing wheels he raised by moving 
the arm hi, which is a bent lever, towards the front of the engine, until the weight 
of it is chiefly sustained upon the forward bearing wheels, and the driving 
wheels being placed sufficiently in rear of the centre of gravity to sustain the 
weight in all ascending planes, when it is essential that t\ie •Htv^S. *m»&&."\*. 
thrown upon the driving wheels. When turning a WvA "in 'CncxwA.,**^*™- 
itig wheeh are made la turn by menus 01 the arm. ot \«nw n, «cA * OR '.^'™?J ,, 
the longer one of these bearing upon the extremity of fee Sot«wA wi*. •fiw»»vfc ,Bt * 
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and the shorter connecting the end of this compound lever as Been at p, so that 
when the lever, or arm n, is drawn towards the front by the engineer, the longer 
bar is moved forward, and Ihe shorter back, and (hereby the wheels arc turned 
conformably to the bend of the road ; if the bend is to the left hand of the loco- 
motive course, and, by a contrary movement of the lever, if the bend is to the 
right, they arc turned conformably to the bend. At r is the bellows- wheel, 
which is turned by a band from one of the set of rollers ; by this means the air 
is forced into the furnace at *. 

The construction of the smoke pipe is sq contrived, that there shall be within, 
at the bottom thereof, a recess where there is no current, but into which the 
cinders are thrown by force of the current, there, ceasing to be impelled by this 
force, they settle by their own gravity, while the smoke which has not been 
impelled, ascends by the continued force of the draft. This improvement in 
the construction of smoke pipes, is applicable to steam-boats, and to standing 
engines, and is stated to be of great value, From the security it affords against fire. 
The tank is connected with the boiler by a steam tube, and a water tube, so 
that by the former, the pressure of steam in both vessels may be equalized, 
white the water is allowed to run through the latter into the boiler. ( is the 
fuel house, and u the engineer's station. 

Every circumstance relating to locomotion on railways having become of 
importance, nothing escapes investigation, nor attempts at amelioration. 
Amongst the many apparently trivia! mutters to which attention is necessary to 
enable a locomotive machine to work well, is that of the lubricating substance. 
The sagacity of Mr. Henry Booth, of Liverpool, has led him to effect an im- 
provement in this respect, for which he obtained a patent on the 14th of April, 
] 835 ; which he has denominated " The Patent Axle Grease, and Lubricating 
Fluid." These, according to the specification, are chemical compounds of oil, 
tallow, or other grease, and water, effected by means of the admixture of soda 
□r other alkaline substance, in such proportions, that the compounds shall not 
be of a caustic or corrosive nature, when applied to iron or steel, hut of an 
unctuous greasy quality, easily fusible with heat, and suitable for greasing the 
axle-bearings of carriage wheels, or the axles, spindles, and hearings of machi- 
nery in general. The proportions of the ingredients, and mode of compounding 
them, are stated lo be as follow : — 

" For the axletreea of carriage wheels, a solution of the common washing 
soda of the shops, in the proportion of half a pound of the salt, lo a gallon of 
pure water; to one gallon of this solution, add three pounds of good clean 
tallow, and six pounds of palm oil. Or instead of the mixture of palm oil and 
tallow, add ten pounds of palm oil, or eight pounds of firm tallow. The tallow 
and palm oil, or either of them, and the solution as described, must he heated 
together, in some convenient vessel, to about 200° or 210° of Fahr. and then 
the whole mass must be well stirred or mixed together, and continually agitated, 
until the composition be cooled down to 60° or 70° of Fahr. and have obtained 
the consistency of butter, in which state it is ready for use. 

The patent lubricating fluid, for rubbing the parts of machinery in general, 
is thus made : to one gallon of the aforesaid solution of soda in water, add of 
rape oil, one gallon ; and of tallow or palm oil, one quarter of a pound. Heat 
them together, to about 210° of Fahr. and then let the fluid composition be well 
stirred about, and agitated without intermission, until cooled duwn to 60° or 70°, 
when it will be of the consistence of cream. If it be desired thicker, a little 
addition of tallow or palm oil renders it so. 

It has been observed that the deflection of the railway bars, by hcavv 
carriages passing over them on the Manchester and other lines of road, absorbs 
a considerable portion of the tractive finer ; besides producing, by their 
vibratory action, an earlier destruction uf ihe stationary, as well as the loco- 
motive mechanism. To provide a remedy for these apparent defects of the 
ordinary system, Mr. John Reynolds, of Neath, has proposed to give to the 
roils, bars, or plates, an equal support in ever) pert of. their length, so that they 
shall nut be suscenfible of depression ov i\c flection-, ivno. v\m \\t ^imjora to 
effect by two methods, for which he oUaine4a^atentGiiV\vi'o*VN^ A%W>- T** 
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first is by cast-iron bearers laid and joined end to end, and in such manner as 
to be incapable of vertical or lateral movement, independently of those next 
adjoining to it. The rails, bars, or pbilcs. over which the carriage-wheels are 
intended to run, may be either cast on and with the bearers, or they may be 
separate. The second method is by bearers formed by blocks of natural or 
artificial stone, joined end to end, anil bedded in the roadway, and secured in 
such manner together, that they can only move in concert. A great variety of 
forma of rails, founded upon the basis of const rue I ion just mentioned, have been 
made by Mr. Reynolds : it will only be in our power to notice here two or 
three of them. The annexed figure shows a vertical section of one of the most 
approved forms, in which the ballasting that it is imbedded in, shown at a a, is 
of less depth than the bottom 
of the stone sleepers gene- 
rally used, and of t-niisidi-rahly 
less depth than the bottom of 
the excavation and ballasting 
on the London and Ltiriiiiu;;- 
liiini railway. 

The form of the bearing 
rail for the carriage wheels is 
shown at b, and that of the 
hollow support and lateral 

inclined plates at c e. They are fastened end to end by means of " snugs," or 
projecting pieces cast to them, of such, forms as that, when plaeed in juxta- 
position, a key or wedge is driven into an aperture formed by their union, 
which holds tbein firmly together. The blocks of natural o 
to be joined by the various modes known 
whether of wrought or east iron, are also 
to be fastened by means equally well 
understood to need explanation. The 
annexed, section represents another cut 
of the numerous designs given by the 
patentee : w represents a wrought- 
iron rail, resting upon and fastened to 
a sill of timber t, enclosed between 
the bearing plates g g, which, together 
with (be fin d, are imbedded in the 
ballasting. 

The advantages contemplated by 
the patentee are — 1, a great saving in 
excavation and ballasting ; 2, a saving 
of the cast of materials and laying 
down; 3, in maintenance of way or 
permanence of work ;' 4, saving (he 
repairs of engines. Some rails on 
this construction are laid down ex- 
perimentally on the Liverpool and 
Manchester line, and apparently stand 
the test very satisfactorily. 

Mr. Thomas Parkins, of Dudley, has had a patent for a similar object to the 
foregoing, which is dated the ;id <>i' 1 Jt-iiL-ml h-l-, l.-v!.">. Ii consists in forming 
continuous sleepers of vitrified earth (burnt clay), which the patentee states are 
as hard and durable as granite, and impervious to the weather. The following 
Fig. 1 gives a cross section of Mr. 1'arkins's railway, and Fig. 2 a side elevation 
of a portion of it. The vitrified blocks or sleepers ore shown at a a a ; each 
sleeper is 13 inches at the base, five at the top, twelve deep, and nine long, and 
locks into the other, thus forming a continuous mw aVm^Y\vc •fl\iiXe\«us *S. 
road. The joining is effected by a projecting tongue b, vj\\ic\\ ftX» "to!W> -e. time- 

inding recese made in each block. A groove c is mnvAAsi \<hi£\xm&o5S&'S « 

top of the sleepers, into which the rib of a wruiAeTi \iea«T <l CWt "«v™» ™ 
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the base, four deep, two widest the top, and twelve feet or more long) is placed; 
und is bedded upon patent felt ; on this wooden bearer is fixed an iron bar e e, 
for the wheeU of the carriages to run upon ; this bar or rail being also bedded 
upon felt. 



Fig. 1. 
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Mr. Parkins gives the preference to the arrangement described ; but he pro- 
poses, in certain cases, to dispense with the wooden bearers d d, and to place iron 
rails of the ordinary kind at once into the groove r. 

A variety of novel combinations of mechanism for steam carriages were patented 
on the 6th Dec. 1835, by Mr. W. Carpmael, of Crawford-street as the agent of a 
French gentleman. In the space which we can devote to notice it, it would be 
quite impracticable to convey an intelligible idea of the numerous ingenious con- 
trivances the specification sets forth ; we shall, therefore, merely state, that the 
boiler consists of two parallel rows of large vertical tubes for the water, so 
placed in a quadrangular case, as to divide it into three compartments, the 
middle one of which is the largest. In this middle chamber is put the fuel, 
coals ; and in the two small chambers in the other sides of the two rows of 
tubes, is put another kind of fuel, coke. The combustion of the coals is excited 
by a fan-wheel, placed under the grating of the coal chamber, and the smoke 
and other inflammable matter that escapes from this fire-place is conducted 
between the tubes and over the coke fires, by which arrangement the smoke 
and carbonaceous matters will, it is fairly presumed, be inflamed, and the 
caloric thus extricated be beneficially employed in the generation of steam. The 
steam chambers, consisting of capacious horizontal tubes, close up the tops of 
each of the furnaces ; and the steam is conducted through regulating valves and 
pipes to the engines situated in the bed of the carriage frame. Many of the 
subordinate contrivances exhibit considerable mechanical talent, and afford pretty 
strong evidence that our Gallic friends will soon run a race with us by steam. 

Mr. John Blyth, a young engineer of excellent abilities, residing at Lime- 
house, obtained a patent on the 31st of December, 1835, for "an improved 
method of retarding the progress of carriages in certain cases," which is 
extremely simple and effectual. It consists of a friction wheel, fixed on to the 
inner side of the nave of the running wheel (or wheels) ; around this is brought 
a friction band, and hence it is conducted and made fast to the carriage body, 
In nich manner that when descending a hill or inclined plane, the carriage body 
slides forward and draws the friction band against the friction wheel. The 
natural force of gravity is thus admirably employed to counteract its incon- 
reniencefl " in certain cases ;" and it will be observed that the force of retarda- 
tion will be exactly as it is required ; that is, in proportion to the inclination of 
the plane on which the carriage is descending. 

To obviate that lateral and serpentine motion of railway carriages, arising 

from the ordinary construction of the " buffing apparatus," we have already, a 

f* w p*ge$ back, described the invention of Mr. Bergin. Another invention, 

designed to effect the same object, Via* \aeen Teren&y \Ttoo&\Kfed liy the intelli- 

hb* Mr. Henry Booth, of Liverpool, fox n\ni& V\\*\. t^tana* <ta»soft&Ai*xs& 

*nt dated the 23d of January, \&36». 
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The following engraving, t'iy. I, shows the mode in which railway carriage* 
tuvc usually been attached to each oilier by a simple chain, the buffers of one 
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carriage not coming in contact with those of another, but each carnage being 
allowed, when moving onwards, a lateral oscillating motion. Fiy.i. 2 m\d '■>, 
show Mr. Booth's method of connecting them; a is the connecting ch;iiu 
attached to the draw-bar of each carriage, and consists of a double working 
screw (working within two long links or shackles), the sockets of which are 
spirally threaded to receive the screw holts, which are fastened together by a 




pin and cotter, so that by turning the arm or lever Z of Lite said screws, the 
connecting apparatus is lengthened or shortened at pleasure, to the extent of 
the long links or shackles above alluded to, in which they work. This screw- 
chain being placed on the hooks, or turned up ends of the carriage draw-bars 
d, the buffers b of each adjoining carriage being first brought close, or nearly 
close together, the lever Z is turned round a few times till the draw-bars d are 
drawn an inch or two beyond iluii' shoulden, on the face of the carriage frame 
t, stretching the draw-springs, to which the draw bars are attached, to the extent 
of a fourth or fifth part of their elasticity ; and by that degree of force attaching 
the buffers of the adjoining carriages together, and giving by this means, Mr. 
Booth states, " to a train of carriages, a combined steadiness and smoothness of 
motion at rapid speeds, which they have not when the buffers of each carriage 
separate from those fit the adjoining carriage." w is a weight to keep the 
" ! ia vertical position, and prevent the unscrewing of the chain when in 
The patentee does not claim under this patent the parts described, 
separately considered ; but lie claims their combination and. ysinx. bk&ot\,b.vA 
"the consequent close but elastic attachment ut t\ie catt\a?,e» \» ewin. Wioe*- 
which constitutes my improvement applicable to roiWaj coitus^*-" 
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The same patent includes a very pretty and useful contrivance of this original- 
minded inventor, which is thus described by him : — " And my improvement 
applicable to the locomotive engines which draw the railway carriages, I declare 
to be a new mode of checking the speed of the engine, or stopping it altogether, 
which is effected by introducing a throttle valve, slide, or damper, into the 
exhausting steam pipe of the engine, commonly called the blast pipe, which is 
usually placed in the chimney in front of the engine, and which throttle 
valve may be most conveniently introduced when the two exhausting pipes are 
united into one below the place where the pipe is contracted in area for the 
purpose of producing a blast to the furnace. From the throttle valve must 
proceed a rod or long handle extending through the chimney to the back part 
of the boiler, so as to lie within convenient reach of the engine-man, who, by 
moving the said handle, can/close the slide or throttle valve, either partially, or 
altogether, as may be required. And the throttle valve need not be altogether 
steam-tight, but should be made to work freely in its place. The engine-man, 
when he wishes to stop or slacken the speed of the engine, closes or contracts 
his throttle valve without shutting off the steam in its passage from the boiler 
to the engine. The pistons, by that means, are speedily, but not suddenly or 
violently checked, and the driving wheels of the engine no longer revolving, or 
revolving very slowly, the engine is soon brought to a stand. Now I do hot 
claim, as new, any particular kind of throttle valve, which may be left to the 
judgment of the engineer, provided it be so constructed that, when open, the 
steam may be not contracted, but may allow the steam to escape freely, as if no 
valve or damper were introduced. But I claim the introduction of a throttle 
valve or damper into the- exhausting steam-pipe of a locomotive engine, by 
closing or contracting which, the engine-man can check or stop his engines at 
pleasure." 

Mr. Massey, a watchmaker of Liverpool, took out a patent on the 23d April, 
1836, for improvements in railway carriages, which merely consists in dividing 
the usual quadrangular framing of the carriage, across the middle, into two 
parts, making two smaller complete frames, and connecting the ends of these 
midway by a stout bolt, with a cotter-key, and washers, so as to enable the frame 
of the carriages to yield to the inequalities of level in the road, and not lift the 
wheels from their bearing on the rails. 

Tunnels. — The adoption of tunnels in lines of railway has been the subject 
of much discussion; for the most part apparently arising from individuals 
who are interested in the execution of certain lines of railway, in which tun- 
nels are excluded. Many timid and ignorant persons have thus been frightened 
into the apprehension of suffocation from the noxious state of the air, caused 
by the decomposition of the fuel in the locomotive engines. In order to show 
to what extent the air in a tunnel is thus contaminated, Mr. Gibbs, in his report 
already alluded to, observes : " Let us suppose a tunnel one mile in length, to be 
traversed by a locomotive engine and its train, of a gross weight of 100 tons. 
The experience of the Liverpool and Manchester railway has shown that the 
average consumption of coke is considerably less than half a pound per ton for 
each mile it is carried on a railway; but taking the consumption at half a 
pound, the whole weight of 100 tons will require the consumption of 50 lbs. of 
coke. It may be calculated that every ten pounds of coke will evaporate a 
cubic foot of water; so that the whole 50 Ids. will convert into steam five 
cubic feet of water in the distance of one mile. Now, to convert into steam one 
cubic foot of water, requires 1950, or say 2000 cubic feet of air; then five feet 
of water will of course require 10,000 feet, and this will be the whole amount 
of contaminated air in one mile of tunnel. To determine the proportion of such an 
amount of foul air, and the whole of the air contained in the tunnel, we may take, 
for example, a moderate sized tunnel, 30 feet high, having an area of 800 square 
feet. One mile in length of such a tunnel, will contain 4,224,000 cubic feet ; hence 
the contaminated air will bear to the whole quantity in the tunnel, the ratio of 
10,000 to 4,224,000, or it will be as 1 to 4^. itmW waxcely after this, appear any 
valid objection to tunnels, to assert that axv mymo\» ^*cX \y^ 
contaminated air, when we find that the cpxaxv\aty dt <Vs» tewxsqfcwfc <& «a 



212 



RAILWAYS AND LOCOMOTION. 



produced by the passing of the whole Wain will be no more than Jj part of the 
whole quantity in the tunnel." On the meeding page is it presented a longi- 
tudinal section of a tunnel, (supposed to be cut through marl, shale, or clay 
strata,) showing the proportion which an engine with its tender and train of 
carriages bears to the size of a tunnel. A transverse section of the s 
tunnel is given in the subjoined figure; in which the irregular diagonal 
lines ore intended to represent the form of the strata in marl, shale, i 
plastic clay. In making runnels through 
strata of this nature, it is an important 
consideration that no springs will en- 
croach i on the other hand, inverted 
arches become necessary, as shown in 
the figure. 

In the formation of tunnels through . . 
chalk rocks, the expense is less than \^ 
through any other material ; the excellent 
stone of which it is usually composed 
renders artificial side walls unnecessary, 
while the material will, in some cases, 
exceed the cost of excavation. " As to 
the expediency of iiiloplinj: tunnels at 
all," Mr. Gilibs observes, '" it is certain 
that this ought not to be admitted until 
after much consideration and investiga- 
tion, with a view if possible to avoid 
them; yet when, by the introduction of 
a tunnel a positive good might be effected, 
such as a shortening of the line, (he 

means of penetrating ;i difficult summit, or of reaching a country which might 
otherwise be shut out from she iidv;ui topes offered by the railway, it might pos- 
sibly be great injustice, alike to the shareholders in the undertaking, and ll 
surrounding district, to adhere too rigidly to the determination of excluc" 
tunnels." 
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Tlic engraving on the preceding page represents a view of the Dublin and 
Kingstown Railway, as seen from the Black Rock 

The subjoined engraving is another tow of the name railway, passing through 
Lord Clonclarry's estate, and looking towards Kingstown. 
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Gradients. — The most important consideration in the construction of i ailWiiysi 
is the arrangement of the gradients. To effect this arrangoiiii'iil, two distinct 
and opposite systems present themselves, each havin;; its atlvdi-iiiea re;idy with 
arguments in support of their particular theory, hi the one system, the rises 
and falls are distributed over the whole length of the line, in planes of gradual 
inclination ; while the other proceeds on the principle of concentrating the 
acclivities in a few points, and thus gaining the summits at once, by short and 
steep inclined planes, at the- sume lime ubtmniiii; levels throughout the rest of 
the line. To decide which of these systems is the most judicious, an inves- 
tigation of the principles connected with the laws of retardation becomes 
necessary. 

In Mr. Gibbs's Report upon the several proposed Lines for the Brit/hltm 
Railway, this subject has been examined and illustrated with great simplicity 
and ability I to tins Report we therefore with pleasure refer our readers, 
contenting ourselves with giving the results of his investigations ; which are 

First, That on a series of railway inclinations, tiic power required to transport 

iight from one given point to another, is precisely the same whatever incli- 

ms are adopted, provided none of these inclinations exceed 21 feel in a mile, 

which is the limiting slope of a plane, on which the force of uravity becomes 

equal to, and consequently capable of balancing ; or by any increase, of 

overcoming the retarding force of friction. 

Second, On any series of inclinations, l\\e ■po.'Kex nmjcnA. \» vtwiss^rti ». 
wejght both ways, is exactly equal Ui the power Teujm&i to cctvs«s'j "So* t c ™^ J . 
"" level plane. This must be clear if s 



C \ v ™«\VvV ^ 



TA 



z i*:<i:*:*73-:at 




AXALTTICAL TSDUL 



•*• 



kit -**fjo&arx rf a 

e .±r~-jtK*,~.XX lit, 
JLXL&A •« Vwasfcs anal iT'n 
***££*. « t>fcAS& 7: Et*i a, 244 

CffA»ftJl ttt PLCrlVTAU 5sr ttla ! 

leus't MOO*. US : Jiawi/i. ;-W 

ltunW4 ; i JS, §»: Lea*'*. 7i 
Y%\<rtVf% m jtag*A -*T ndcr &uzn*su. 
RWt f*/*JtR; 7. ^ «*, 7*. >;. 
1*CL/*W> M,A9£ft: ftt&aenr. H auufc 

#f working ay **** «Mfta«- 4'; Twos?- 

S4«/» §*f*Ct, « J fc*Cr» 8k*d*a rf 



l/^M/ynrt. carriages: aa£z*wv. 

Ill; A*fer««ri,lt»; R*e*e/*,2«- B»r-«^. 
Ml; fttrgU't, 2*2; Ktnkfc^cp*. 27; 
BwtttoV, 1*4, 8w«k'«.2*>; £«:h*a^e 
as*f fnV^Mi't, J 45, 14* ; Btjc>7 aai Par- 
leys 141; BnsMbeth'a, !«, U7: Rots'i, 
HI ; Bnnrtow't, 21 ; Rental sad H^Ti, 
44 ; Carpflftawrs, 24*; Cearlej'*, 1<A ; Cha?- 
»*»'*, 14; Owen's, 1*1 ; OrreV 1*4; 
Ottfcraae's, 141; Craf*rte*i, 1«; Daawe 
a*4 PieWs, 196; Itodd atd Stephenson's, 
**; J*****', 164; Eutos/s, 167; Frazer's, 
l«; 'HMk and Appie«ath's,lftt; Gordon's, 
tl f M f l» ; Gonfth's, 157 ; Griffith'*, 80; 
Garner's, 21, 101, 164, ISO; Hackwork's, 
147; Hancock's, 117,121; Harland't, 117; 
H«*t/,r*'s, 166; Hjek*', 200; HflTs, 100; 
Holland's, 119; James', 67/ 00, 98, 190; 
Mae*/oni and Swire's, 1&9 ; Mann's, 134 ; 
Mas**/*, 210; Medhnrsfs, 133; Milli- 
eha|/«,26fl; Moore's, 155; Napier's, 174; 
We fine's, 111; Palmer's, G. H-, 176; 
Haw*; and tenant , 165 ; Redmond's, 184* 
H*xUm'», 104; Seaward'*, 160; Snowden's, 
05 ; Htepbenion's, 188 ; Summers and 
Ogle's, 161: TrevUhick and Vivian's, 19; 
Vintty and Pocick's, 156; Wrighfs, 153. 
LUB KICATION; difference of effect, accord- 
dint; to mode of oiling, 60; Booth's Patent 
Grease, 206, 
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yj: MldjbTs. Ill: Pawners, jr. 
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. coBstrcctiaa of daoble 
azd single ways. 6. 

RESISTANCE: refutacce to cazra^es oo 
Tariocu kinds of rzi^s, 65 : on cifferent 
inrlinarkma, 66 ; tothero/.'ne^mcti<>aofdte 
wheels, or to tlidimg motion at tke axles, 
separateij shown, €7; variation* according 
to nature of bearings, 68; ditto as respects 
the mode of oiling, 70 ; resistance bj the 
air at different relocitiea, 71. 

SLEEPERS ; wooden, 7 ; stone first used by 
Barnes, 9; Parkins' Titrified, 207. 

TUNNELS to Railways. 210. 

WAGGONS, Railway: Palmer's substitutes, 5S; 
Brandreth's patent, 108 ; Barry's, 78. 

WHEELS AND AXLES; Lo&h and Stephen- 




Gillefs, 167; Hunter's, 168; G.Stephen- 
son's, 181 ; Forrester's, 181 ; Whiteside's, 201. 
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